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57 ABSTRACT 
This invention provides a novel permselective poly 
meric membrane excellent in permselectivity which 
allows permeation of water in an aqueous solution at a 
high rate but is highly preventive of permeation of sol 
utes, and a process for the preparation of such 
permselective membrane, said polymeric membrane 
consisting essentially of a linear polymer containing 
N-aryl-substituted-benzimidazole units as the main 
chain-constituting units. 

14 Claims, No Drawings 
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PERMSELECTIVE POLYMERIC MEMBRANE 
PREPARED FROM POLYBENZMIDAZOLES 

This invention relates to permselective polymeric 
membranes for the selective separation of fluid mix 
tures and a process for the production thereof. More 
particularly, this invention relates to permselective 
membranes composed of a linear polymer containing 
N-aryl-substituted-benzimidazole units, and to a pro 
cess for the preparation of such permselective mem 
branes. 

It has long been known that specific components in a 
fluid mixture can be separated, purified or concen 
trated by the reverse osmosis method using a mem 
brane or barrier having permselectivity. 
Greater importance has recently been attached to the 
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reverse osmosis method in preparation of pure water 
from sea water or brackish water or other impure wa 
ters or in treatment of waste water and drainages be 
cause of increasing demands for security of water re 
Sources and prevention of environmental pollution as 
well as because of its low-energy consumption. 
The separation technique utilizing the permselec 

tivity of such membranes has brought about great de 
velopments in the fields of dialysis, electrolytic dialysis 
and ultrafiltration with advance in research works 
made with a view to providing suitable substrates for 
such membranes and methods for the preparation of 
such membranes. . . . . . . . ; 

Quality of such permselective membrane is the most 
important factor in the separation technique utilizing a 
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reverse-osmotic membrane, and in order to accomplish 
separation effectively with use of a membrane of this 
kind, it is indispensable that the membrane should have 
a characteristic permselectivity. . . . . . 
Namely, the membrane should possess such charac 

teristic property that it allows a specific liquid medium 
in a fluid mixture to pass therethrough but it does not 
allow permeation of other components. When the sepa 
ration is effected with use of such membrane, it needs 
to have mechanical strength-high enough to survive 
high operation pressure and exhibit sufficiently practi 
cal permeation rate. Further, the membrane is required 
to have an ability to retain such desired properties for 
a long time. Namely, it is required that the membrane 
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is chemically, and physically, stable for a long time 
under, operation conditions. 
With increase of importance of the reverse osmosis 

separation technique, extensive research, works have 
been made on developments of substrates suitable for. 
'such membranes having desired properties, and various 
membrane substrates have been proposed. . 
However, these conventional membranes fail to ex 

hibit high permeability or high desalinizing activity 
even if they are used for demineralization or desalina 
tion of sea water or brackish water, and their stability is 
not so high as to endure a long-time use when the oper 
ation is carried out on an industrial scale. Among con 
ventional membranes, an asymmetric cellulose acetate 
membrane proposed by Loeb. and Sourirajan (see the 
specification of U.S. Pat. No. 3,133,132) has been 
regarded as best. However a cellulose acetate mem 
brane of this kind is readily hydrolyzed under acidic or 
alkaline conditions or by microorganisms or the like, 
resulting in degradation of the properties. Therefore, it 
has a limited operating life time. In addition to this fatal 
defect, various limitations are placed on its use. Thus, 
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sin 
atoms are bonded to two adjacent nuclear carbon 
atoms of the radical Art, and Ar, is a monovalent aro 

3. 

2 
cellulose acetate membranes of this kind are still insuf 
ficient. 
Recently, permselective membranes comprising as a 

substrate a nitrogen-containing polymer including a 
wholly aromatic polyamide or polyhydrazide have been 
proposed (see, for instance, the specification of U.S. 
Pat. No. 3,567,632). 
Typical examples of nitrogen-containing polymers 

disclosed in this U.S. Pat. are, poly(metaphenylene 
isophthalamide-terephthalamide) copolymers and 
poly(isophthaloyl hydrazide). Although in this refer 
ence it is disclosed that benzimidazole ring may be 
contained in an aromatic polyamide chain, it is not 
taught, at all that nitrogen-containing linear polymers 
containing N-aryl-substituted-benzimidazole units as 
the main-chain-constituting units would be usable as 
substrate polymers for permselective polymeric mem 
branes. 

It is a primary object of this invention to provide a 
permselective polymeric membrane excellent in perm 
selectivity which allows permeation of water in an 
aqueous solution at a high rate but is highly preventive 
of permeation of solutes, and a process for the prepara 
tion of such permselective membrane. 
Another object of this invention is to provide a 

permselective polymeric membrane which is excellent 
in not only such permselectivity as mentioned above 
but also such physical and chemical properties as 
strength, Young's modulus, chemical stability, and the 
like, and a process for the preparation of such permse 
lective polymeric membrane. . . . . . 

Still another object of this invention is to provide a 
permselective polymeric membrane which retains ex 
cellent permselectivity for a longtime under operation 
conditions and which can be readily prepared from a 
substrate, and a process for the preparation of such 
permselective polymeric membrane. * . . . . . . 

Further objects and advantages of this invention will 
be apparent from the following detailed description. 
As a result of our research, it has now been found 

that the above objects and advantages can be attained 
by a permselective polymeric membrane consisting 
essentially of a linear polymer containing as the main 
structural units N-aryl-substituted-benzimidazole units; 

1. said linear polymer being composed of the recur 
ring units expressed by following general formula 
(1) 

{A,B}- (1) 

wherein & . . . . . . . . ." . . . . . 
a. A is a divalent atomic group expressed by follow 

ing general formula (2). W 

1 N. 
N N1 - : 

l, 
which m and (n) are zero or 1, the two nitrogen 

-(-Y) (TAr, (2) 
, 

. 

matic group having up to 15 carbon atoms, and in 
which (i) when (n) is zero, Ar, stands for a trivalent 
aromatic radical having up to 15 carbon atoms, Y is at 
least one member selected from the group consisting of 
-CONH-,-CONHNHCO-, -NHCONH-, and 
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and when Y is -CONH- or 

Ari may be bonded to either of the nitrogen and carbon 
atoms of Y; (ii) when (n) is l, (n) indicates a single 
bond, Ari is a tetravalent aromatic radical having up to 
15 carbon atoms, and Y is an atomic group expressed 
by following formula (3) 

2NN 
NN 1 
l, 

the two nitrogen atoms are bonded to the two adjacent 
nuclear carbon atoms of the aromatic radical Art, and 
Ara stands for a monovalent aromatic group having up 
to 15 carbon atoms; and (iii) the divalent atomic group 
expressed by above formula (2) is bonded in the poly 
mer in either of the left and right directions; 

b. B stand for a single bond or a divalent organic 
radical in which the average number of atoms exclusive 
of hydrogen atoms is not greater than 80 and carbon 
atoms are located at both the terminal ends, and when 
B is a single bond, the recurring unit A consists of the 
atomic group expressed by above formula (2); 

2. the parameter (Hip) of hyrophilic property, ex 
pressed by the following formula, of said linear polymer 
is at least 0.4 

-C (3) 

N + 1 ON 
total number of atoms exclusive 
of hydrogen atoms in the polymer 

Hp = (4) 

wherein 
N is the number of hydrogen-bonding units contrib 

uted by polar groups in the entire polymer and is ex 
pressed by the product of the number (NA) of hydro 
gen-bonding groups in the entire polymer and their 
hydrogen-bonding strength (Gy); and N is the number 
of ionic groups in the entire polymer, with the proviso 
that the number of ionic groups does not exceed 1 per 
500 of the molecular weight of the polymer; 

3. the solubility a 25°C. of the linear polymer in a 
solvent composed of at least one member selected from 
the group consisting of N,N-dimethylacetamide, N 
methylpyrrolidone, dimethylsulfoxide and hexamethyl 
phosphoramide (which solvent may contain up to 5% 
by weight of lithium chloride), is at least 7% by weight; 
and 

4. the linear polymer has a molecular weight suffi 
cient to form a film. 
To sum up, the permselective polymeric membrane 

of this invention is composed of a linear polymer con 
taining as the main structural units N-aryl-substituted 
benzimidazole units, said linear polymer meeting the 
following four requirements: 

1. said linear polymer contains as the main structural 
units N-aryl-substituted-benzimidazole units expressed 
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4 
by the above formula (2), namely the following for 
mula (2-a) 

-(-Y-Ar, (2-a) 

I 

wherein m is 0 or 1, or the following formula (2-b) 

-C Ar (2-b) 

N 
2 N 
N / 

N N 

l, l, 
2. the above-defined parameter (Hip) of hydrophilic 

property of said linear polymer is at least 0.4, prefer 
ably at least 0.5; 

3. said linear polymer has a certain degree of solubil 
ity (at least 7% by weight) in a solvent composed of at 
least one member selected from the group consisting of 
dimethylacetamide, N-methylpyrrolidone, dimethyl 
sulfoxide and hexamethylphosphoramide (which may 
contain lithium chloride as a dissolving assistant in an 
amount not exceeding 5% by weight); and 

4. said linear polymer has a molecular weight suffi 
cient to form a film. 
Above requirements (1) to (4) that the permselec 

tive polymeric membrane of this invention should meet 
will now be detailed. 

1. Structure of Substrate Polymer 
As described above, the substrate polymer of the 

permselective polymeric membrane is composed of the 
recurring units of the following formula 

N 
1 N 

C 
N / 

--A,B) 

and it is not necessary that A and B should be alternat 
ing but B may be bonded to a group of a plurality of 
A's, e.g., from several to scores of A's, or it is permissi 
ble that the number of B is zero and the polymer is 
composed of A units alone. In short, A is an atomic 
group having the N-aryl-substituted structure ex 
pressed by the above formula (2), namely the above 
formula (2-a) or (2-b), and B is a bonding unit to con 
nect atomic groups of A to one another. 
As explained above, the above formula (2) may be 

rewritten as follows: 

N 
1 N. 

--Y-9-Art C- (2-a) 
m N / 

2 

or 

N : N 
% N / N. 

-C Ar C- (2-b) 
N / N / 
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When m in the above formula (2-a) is 1, the formula 
(2-a) is expressed as follows: 

N 
/ N 5 

-Y-Ar C- (2a-1) 
YN / 
l, 

10 

and when m is 0 (zero), the formula (2-a) is expressed 
as follows: 

-Ar, C- (2a-2) 

A, 
20 

Accordingly, the divalent atomic group A of the for 
mula (2) may be expressed by either of above formulae 
(2a-ll ), 12a-2) and (2-b). 

In these formulae (2-a) and (2-b) or (2a-1), (2a-2) 
and (2-b), Ari stands for a tri- or tetra-valent aromatic 25 
group, and Ar, and Ara stand for a monovalent aro 
matic group, each of these aromatic groups Art, Ar. 
and Ars having up to 15 carbon atoms. Further, these 
aromatic groups may be substituted by such substitu 
ents as lower alkyl groups, lower alkoxy groups, halo- 30 
gen atoms, nitro groups, sulfonic groups, carboxylic 
groups, lower alkoxy carbonyl groups or salts of these 
acid groups. 
Y on the above formula (2-a) or (2a-1) may be any 

member selected from the groups expressed by the 35 
following formulae 
-CONH- (or -NHOC-), 

N 
/ N 15 

N / 
N 

3,951, 920 
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-continued 
N 

-Air' C- (2-2) 
N / 
N 

Ar 

N 
/ N . . . . . 

-COHN-Ar' C- (2-3). 
N / 
N 

Ar 

and 
N 

/ N . . . . . . . 
-NHOC-Ar" C-. . . . (2-4) 

N / 
N 

Ar. 

wherein Ar" and Ar' stand for a group expressed by 
the following formula . . . . . . . . . . 

w p N 
(5-a) 

-CONHNHOC-, 
-NHCONH- and . . . 

40 

-NHCNHNHC- (or -CNHNHCHN-) 

I O O O 

and the number of the group Y contained in the unit A 45 
is not particularly critical but one of Y, or two or more 
of Y's may be contained in the unit A. 

Further, atomic groups A expressed by above formu 
lae (2-a) and (2-b) need not be of the same kind, but 
two or more kinds of A's may be contained in the poly-50 
mer chain. Moreover, the units A of above formula 
(2-a) or (2-b) may be present in the form reverse to 
that shown in formula (2-a) or (2-b). 
As mentioned above, B may be either a single bond 

or a chain bonding the structural units A. The unit B 55 
may be any of divalent organic radicals, as far as its 
'average number of atoms inclusive of hydrogen atoms 
in the entire polymer is not greater than 80. 

It is preferred that the substrate polymer contains as 
units A at least one kind of radical expressed by the 60 
following formulae 

N N 
/ N / N 

C Ar" C 

NY N / 
l, ... ." i. 

-- (2-1) 65 

(R)-e 

(R) (5-b) 

or . . . . . . . 

(R)-e 

(R) e. • . ." 

in which R stands for a hydrogen or halogen atom or a 
lower alkyl or lower alkoxy group having 1 to 3 carbon 
atoms, l is 1 or 2, and Z designates a single bond or an 
alkylene group of up to 4 carbonaatoms, -O-, -S-, 
-SO- or -CO- and when Z is a single bond, the 
formula (5-c) expresses a tri- or tetra-valent biphenyl 
group, and "... " on the aromatic group designates a 
single bond in the case of Ar' and a hydrogen atom or 
a substituent R in the case of Ar". . . . . ... : 
As regards the units B, it is preferred that the sub- . 

strate polymer comprises as the units B (1) at least one 
kind of divalent orgaic groups selected from: (i) aro 
matic hydrocarbon residues composed of a benzene or 
naphthalene nucleus, (ii) aliphatic hydrocarbon resi 
dues composed of a cyclohexane, cyclopentane or cy 
clobutane nucleus, (iii) straight or branched, saturated 
or unsaturated hyrocarbon residues having 1 to 6 car 
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bon atoms (iv) 5- or 6-membered heterocyclic residues 
containing oxygen, nitrogen or sulfur, which may be 
fused with a benzene nucleus, carbon atoms being lo 
cated at both the terminal ends in said divalent organic 
groups; or (2) (a) at least one kind of di-, tri- or tetra 
valent organic groups in which carbon atoms are lo 
cated at both the terminal ends which are selected from 
(i) to (iv) above and (b) said organic groups are 
bonded with at least one kind of bonding groups se 
lected from -O-, -S-, -SO-, -CO-, 

-N- 

(in which R is a hydrogen atom, an alkyl group of 1 to 
3 carbon atoms or a phenyl group), -COHN-, 
-CONHNHOC-, 

O 

-NHCHN-, 

-CONHNHCOHN- and 

said atomic groups (1) and (2) may be substituted by a 
lower alkyl group of 1 to 4 carbon atoms, a lower alk 
oxy group of 1 to 4 carbon atoms, a halogen atom, a 
nitro group, a sulfonic or carboxyl group, a salt of said 
acid residue, a lower alkoxy carbonyl group, a primary, 
secondary or tertiary amino group, an ammonium salt 
thereof, or a quaternary ammonium base; and in the 
units B contained in the entire polymer, the average 
number of atoms exclusive of hydrogen atoms is not 
greater than 80, preferably not greater than 50. 
As the substrate polymer are especially preferred (I) 

polymers in which the units A are at least one divalent 
group expressed by the following formula (6) 

N N 2 SN 

-C, IOC C (6) N N 

i Ar's Ar" 

wherein Ar' and Ar", which may be the same or dif 
ferent, represent a monovalent aromatic group of up to 
15 carbon atoms expressed by the formula 

3 (6-1) 
(R)p 
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(R)p 
or 

3-3- (6-3) 
(R)p (R)p 

in which R and R, which may be the same or different, 
represent a hydrogen atom, an alkyl group of 1 to 3 
carbon atoms, a halogen atom, a nitro group, a sulfonic 
or carboxylic group or a salt thereof, p is 1 or 2, and Z 
is as defined with respect to the above formula (5-c), 
and the units B are at least one divalent organic group 
expressed by the following formula (7) 

(7) 
C (R)p (R)p ' 

wherein q represents an average content of the units 

- {C} 
contained in the polymer and is a value of 0.2 to 3 
moles per mole of the recurring units A, R2 and p are as 
defined above with respect to the formula (6-1), and W 
is -CONH- (which may be located in the reverse 
direction), -O-, -SO-, 

(in this case, the o or (3 ring is trivalent), -CONHN 
HOC-, an alkylene group of 1 to 4 carbon atoms or 

N- N: 
C 

N / . 
X , 

in which X designates-O-, -S-, -NH-, or 

-- 

(II) polymers in which the units A are at least one 
divalent atomic group expressed by the following for 
mula 
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N 

rCOHN N 
N C- (8-l) 

ir'. 
or 

(8-2) 
'i . . . 

-NHOc C N na/ 
: Ar' 

wherein Ar' is as defined above with respect to the 
above formula (6), and the units B are at least'one atomic group expressed by the following formula (9) 

(9t 
wherein q designates the average content of the units 

Rap -3. 
and is a value of 0 to 3 moles per mole of the recurring 
units A, and R p and W are as defined above with 
respect to the formulae (6) and (7); and (III) polymers 
in which the units A are at least one atomic group 
expressed by the following formula (10) . . . . . . . 

- (lo) 
. . . . . . 

: ... Air 2- . 

wherein Ar' is as defined above with respect to the 
formula (6), and the units, B are at least one atomic 
group expressed by the following formula (11) '... 

wherein qa, Ra, p and W. are as defined above with 
respect to the formula (9). . . . . . . . . . . . . . . . 
2. Hydrophilic Property. . . . . . . . . . . . . 
The substrate polymer to be used in this invention, 

which has the above-mentioned structure, should have 
the hydrophilic parameter ( Hp) of at least: 0.4, prefer 
ably at least 0.5. Polymers having a hydrophilic param 
eter (Hp) of at least 0.55 are especially preferred in this: 

. . . . . . . . . . . . . . ... . . . . . . . . . . 65 invention. - ' ' ' ' ' ' , : " - '... . 

As mentioned above, the parameter (Hip) of hydro 
philic property can be calculated from the following 
formula (4) :: 3. ' * . . . . 

3,951,920 

, , 55 

10 
: Nut ION 
total number of atoms exclusive 
of hydrogen atoms in the polymer 

Hp = (4) 
5. 

It is known in the art that in order for a polymer to be 
useful as a substrate of a permselective polymer, it 
should possess hydrophilic property to some extent. 

O Parameters Nur and N, to be used for calculating the 
parameter (Hp) of hydrophilic property according to 
the formula (4) are illustrated in, for instance, the 
following references: . . . . . . 

A. Gordy, Stanford, “Journal of Chemical Physics", 
Vol. 9, pages 204 - 214 (March 1941), and 

B. Specification of U.S. Pat. No. Pb 3,567,632. 
As is seen from the above formula (4), the hydro 

philic parameter (Hp) of the polymer is expressed in 
terms of the ratio of the sum of (i) the hydrogen-bond 

20 ing strength based on various polar groups contained in 
the substrate polymer and (ii) the number of ionic 
groups contained in the substrate polymer to the num 
ber of atoms exclusive of hydrogen atoms in the sub 
strate polymer. , , , . . . . . . . . 

25 Thus, in the formula (4) it is defined that N is the 
number of hydrogen-bonding units contributed by 
polar groups in the entire polymer and is expressed by 

- the product of the number of hydrogen-bonding groups 
(NA)in the entire polymer and their hydrogen-bonding 

15 

30 strength (Gv), and N is the number of ionic groups in 
the entire polymer, with the proviso that the number of 
ionic groups does not exceed 1 per 500 of the molecu 
lar weight of the polymer. ; : it 
Methods for calculating values of N, Gy and N are 

35 detailedly described in above-quoted references A). 
and B). Table 1 illustrates values of N, G and N of 
typical polar groups. -. 

Table 1 

Polar Groups 40 
ketone, aliphatic-aromatic ether and 
diaromatic ether 
dialiphatic ether 
amino, substituted amino and hydroxyl 
ester, sulfone and sulfoxide 
amide 
imidazole 
oxadiazote 

45 

The number of ionic groups in the entire polymer, 
50 i.e., the N value, can readily be calculated from mono 

meric substances to be used for preparation of the 
substrate polymer. Typical instances of ionic groups to 
be contained in the substrate polymer of the permselec 
tive membrane of this invention include -SOH, 
-SOMe (in which Me is an alkali metal or alkaline 
earth metal), -COOH, -COOMe (Me is as defined 
above), an ammonium salt and a quaternary ammo 
nium salt. It is preferred that the number of such ionic 
groups is 1 or less than 1 per 500 of the molecular 
weight of the substrate polymer. 

3. Solubility s, 
60 

It is essential that the substrate polymer of the 
permselective polymer of this invention should meet 
the requirement that the solublity at 25°C. in a solvent 
composed of at least one member selected from the 
group consisting of N,N-dimethylacetamide, N-methyl 
pyrrolidone, dimethylsulfoxide and hexamethylphos 
phoramide (said solvent may contain lithium chloride 
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in an amount not exceeding 5%) is at least 7% by 
weight. It is preferred that the substrate polymer has a 
value of said solubility of at least 10% by weight. 

It is not necessary for the substrate polymer to have 
a value of said solublity of at least 7% by weight with 
respect to all of these four solvents, but it is sufficient 
that the polymer has a value of said solubility of at least 
7% by weight with respect to any one of the foregoing 
four solvents. Furthermore, such solvent may comprise 
as a dissolving assistant lithium chloride in an amount 
not exceeding 5% by weight. 

4. Average Molecular Weight 
The substrate polymer of the permselective mem 

brane of this invention should have an average weight 
(an average degree of polymerization) sufficient to 
form a film. For this requirement, it is preferred that 
the substrate polymer has an inherent viscosity m, as 
measured at 30°C. in a solution of the polymer in N 
methylpyrrolidone at a concentration of 0.5 g/100 ml, 
of at least 0.4, especially at least 0.6. 
Methods of preparing substrate polymers meeting 

above requirements (1) to (4) will now be illustrated. 
5. Preparation of Substrate Polymer 
Substrate polymers to be used in this invention, 

which contain N-aryl-substituted-benzimidazole units, 
may be prepared by, for instance, the method previ 
ously proposed by us, namely, the method disclosed in 
the specification of U.S. Pat. No. 3,518,234 (the speci 
fication of British Pat. No. 1,236,211). 
This method of preparing substrate polymers will be 

outlined below. 
An aromatic triamine or tetramine expressed by the 

formula . 

(12-1) 

O 

(2-2) 

wherein Art, Ar, and Ara are as defined above with 
respect to the above formula (2), is reacted with (a-1) 
an aliphatic, alicyclic, aromatic or heterocyclic dicar 
boxylic acid or a reactive derivative thereof, thereby to 
form a polyamideimine having, for instance, recurring 
units expressed by the formula 

HN-Ar 
NH-Ar 

O 

/ (13-1) 
N . . . . 

O 

5 

25 

30 

35 

(3-2) 

wherein B' is a hydrocarbon residue derived from said 
dicarboxylic acid or its reactive derivative, and this 
polyamideimine is subjected to cyclodehydration by, 
for instance, treating the polyamideimine with an acid 
or heating it, thereby to form an N-aryl-substituted 
polybenzimidazole consisting of the recurring units 
expressed by the following formula 

N N 
HN-A,1 Sc.B. (4-1) 

N / 
N 

Ar. 

O 

an -'s C 2 Art N C-B' (4-2) 
N / N / 

N N 

Ara A 

wherein Art, Arg, Ara and B' are as defined above. 
Preferable examples of the N-aryl-substituted aro 

matic triamine or tetramine of the above formula 
(12-1) or (12-2) to be used for forming structural units 
A of the substrate polymer of this invention are illus 
trated below. 

N-aryl-substituted aromatic triamines of the above 
40 formula (12-1): 

45 

50 

55 

60 

65 

2,4-Diaminodiphenylamine 
2,4-Diaminophenylnaphthylamine 
4-(2,4-Diaminoanilino)-benzophenone 
4-(2,4-Diaminoanilino)-diphenylether 
4-(2,4-Diaminoanilino)-biphenyl 
1-Anilino-2,4-diaminonaphthalene 
2-Anilino-1,5-diaminonaphthalene 
4-Anilino-3,4'-diaminodiphenyl 
2-Anilino-3,5-diaminodiphenyl 
3-Anilino-4,6-diaminodiphenylether 
4-Anilino-3,3'-diaminodiphenyl-sulfone 
4-Anilino-3,3'-diaminobenzophenone 
3-Anilino-4,6-diaminodiphenyl-methane 
2. N-aryl-substituted aromatic tetramines of the 

above formula (12-2): 
1,3-Dianilino-4,6-diaminobenzene 1,3-Di-p-toluidino-4,6-diaminobenzene 
1,3-Bis-(p-chloroanilino)-4,6-diaminobenzene 
4,4'-Dianilino-3,3'-dianilinodiphenyl 
2,6-Dianilino-1,5-diaminonaphthalene, 
2,2'-Bis-(4-anilino-3-aminophenyl)-propane 
4,4'-Dianilino-3,3'-diaminodiphenylether . 
4,4'-Dianilino-3,3'-diaminodiphenyl-sulfone 
4,4'-Dianilino-3,3'-diaminobenzophenone 
Preferable examples of the dicarboxylic acid or its 

reactive derivative to be reacted with an N-aryl-sub 
stituted aromatic triamine or tetramine such as exem 
plified above are illustrated below. 
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i-a. Aromatic dicarboxylic acids: 
Terephthalic acid 
isophthalic acid 
2,6- or 1,5-Naphthalene dicarboxylic acid 
3,3'- or 4,4'-Diphenyl dicarboxylic acid 
3,3'- or 4,4'-Diphenylmethanedicarboxylic acid 
3,3'- or 4,4'-Diphenylether dicarboxylic acid 
3,3'- or 4,4'-Diphenylsulfone dicarboxylic acid 
3,3'- or 4,4'-Diphenyl-(2,2-propane) dicarboxylic 
acid 

3,3'- or 4,4'-Benzophenone dicarboxylic acid 
i-b. Alicyclic dicarboxylic acids: 
1,2-Cyclohexane dicarboxylic acid 
1,4-Cyclohexane dicarboxylic acid 
1,3-Cyclopentane dicarboxylic acid 
1,3-Cyclobutane dicarboxylic acid 
i-c. Aliphatic dicarboxylic acids: 
Oxalic acid 
Succinic acid 
Adipic acid 
Fumaric acid 
i-d. Oxygen-, nitrogen- or sulfur-containing, 5- or 

6-membered heterocyclic dicarboxylic acids: 
2,4- or 2,5-Pyridine dicarboxylic acid 
2,4- or 2,5-Furan dicarboxylic acid 
2,4- or 2,5-Thiophenedicarboxylic acid 
i.e. Reactive derivatives of dicarboxylic acis (i-a) to 

(i-d): 
Halogenides, especially chlorides, lower alkyl esters 

and phenyl esters of the above dicarboxylic acids of 
(i-a) to (i-d) are used as reactive derivatives: thereof. 
Acid chlorides are generally preferred as reactive de 
rivatives, and use of aromatic dicarboxylic acid chlo 
rides is especially preferred. 

In preparing above polyamideimines by reacting an 
aromatic N-aryl-substituted triamine or tetramine such 
as exemplified above with a dicarboxylic acid or a reac 
tive derivative thereof such as exemplified above, when 
a polyfunctional compound such as mentioned below is 
present in the reaction system, the substrate polymer in 
the form copolymerized with such polyfunctional com 
pound component may be obtained. As such polyfunc 
tional compound, there may be exemplified (a) amino 
carboxylic acids, tricarboxylic monoanhydrides, tetra 
carboxylic dianhydrides and their respective deriva 
tives, (b) diamines, hydrazines, aminohydrazides and 
aminodihydrazides, (c) dihydroxyl compound and 
aminohydroxyl compounds, and (d) diisocyanates and 
masked diisocyanates. When copolymerized 
polyamideimines formed by effecting the reaction be 
tween the aromatic N-aryl-substituted triamine or tet 
ramine with the dicarboxylic acid or its reactive deriva 
tive in the presence of a polyfunctional compound such 
as mentioned above is subjected to the cyclodehydra 
tion, there can be formed a substrate polymer of the 
copolymer type comprising the structural units A and 
B. . 

Thus, the aromatic triamine or tetramine expressed 
by the above formula (12-1) or (12-2) forms the main 
portion of the structural unit A of the substrate poly 
mer to be used in this invention, and the dicarboxylic 
acid component of (i-a) to (i-e) and the polyfunctional 
compound component of (a) to (d) form the main 
portion of the structural unit B of the substrate poly 
mer. In this case, each of the amine component, the 
dicarboxylic acid component and the polyfunctional 
compound component need not be limited to one kind, 
but two or more kinds of each component may be used. 
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14 
Thus, for instance, an amino group such as an amino 

carboxylic acid, diamine or aminohydrazine is reacted 
with a carboxylic acid chloride or the like to form an 
amide linkage 

a cyclic anhydride group such as a tricarboxylic anhy 
dride or tetracarboxylic dianhydride is reacted with an 
amino or isocyanate group to form an imide 

a hydrazine, dihydrazide or the like is reacted with a 
carboxylic acid chloride to form a diacylhydrazide 
linkage 

O 

the hydroxyl group of a dihydroxyl compound is re 
acted with a carboxylic acid chloride to form an ester 
linkage . . 

O 

(-CO--); 

an isocyanate is reacted with a carboxylic group to 
form an amide linkage; and an isocyanate group is 
reacted with an amino group to form aurea linkage 

And, these linkages are introduced into the substrate 
polymer as the structural units B. The diacylhydrazide 
linkage contained in the unit B may be converted to a 
1,3,4-oxadiazole linkage 

O 
/ N 

(- ) C 

by the cyclodehydration, and it is also possible to form 
an o-hydroxyamide linkage by the reaction between an 
aminohydroxyl compound such as 2,4-diaminophenol 
and an acid chloride and to convert this linkage to a 
benzoxazole linkage - 

by the cyclodehydration. 
The kind and amount of the components forming the 

main portion of the unit B of the substrate polymer 
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should be so selected that the average number of atoms 
exclusive of hydrogen atoms contained in one unit B in 
the entire substrate polymer is not greater than 80, 
preferably not greater than 50, and that the value of the 
above-mentioned parameter Hp of hydrophilic prop 
erty is at least 0.4. It is also necessary that these compo 
nents are so selected that the above-mentioned require 
ment of solubility should be satisfied in the resulting 
substrate polymer. 

Preferably examples of polyfunctional compounds 
(a) to (d) will now be illustrated. 

a. Aminocarboxylic acids, tricarboxylic acids, tetra 
carboxylic acids and their reactive derivatives: 

a-l. Aminocarboxylic acids and their reactive deriva 
tives such as m- and p-aminobenzoic acids, 6-amino-2- 
naphthonic acid, 4-aminodiphenyl methane dicarbox 
ylic acid, 3-amino-benzophenone carboxylic acid, e 
aminocaproic acid, and their amino acid chlorides hy 
drochloride. 

a-2. Tricarboxylic anhydrides and their reactive de 
rivatives such as trimellitic monoanhydride, naphtha 
lene-2,3,6-tricarboxylic monoanhydride, 3,4,4'- 
diphenylmethane tricarboxylic monoanhydride, 1,2,5- 
cyclohexane tricarboxylic monoanhydride, and mono 
chloride monoanhydrides of these acids. 

a-3. Tetracarboxylic dianhydrides and their reactive 
derivatives such as pyromellitic dianhydride, 2,3,6,7- 
naphthalene tetracarboxylic dianhydride, 3,3',4,4'- 
diphenylmethane tetracarboxylic dianhydride, cyclo 
butane tetracarboxylic anhydride, 1,4,5,8-naphthalene 
tetracarboxylic anhydride, and their reactive deriva 
tives. 

b. Diamines, hydrazine, aminohydrazides and dihy 
drazides such as aliphatic diamines, e.g., ethylenedi 
amine, tetramethylenediamine, hexamethylenediamine 
and octamethylenediamine; allicyclic diamines, e.g., 
1,3-diaminomethylcyclohexane, 1,4-diaminomethylcy 
clohexane and 4,4'-diaminodicyclohexylmethane; aro 
matic diamines, e.g., m-phenylenediamine, p 
phenylenediamine, 1,5-naphthalenediamine, 2,6-naph 
thalene diamine and diamines of the formula 

CY-KY 
HN NH 

(in which X is a single bond, an alkylene group of 1 to 
4 carbon atoms, -O- or -SO-); piperazine; 2,4- 
diaminopyridine and 2,5-diaminopyridine; 2,5- 
diaminofuran; 2,5-diaminothiophene; m-aminobenzoic 
hydrazide and p-aminobenzoic hydrazide; and iso 
phthalic dihydrazide and terephthalic dihydrazide. 

c. Dihydroxyl compounds such as ethylene glycol, 
tetramethyleneglycol, hexamethyleneglycol, cyclobu 
tanol, 1,4-cyclohexane-dimethanol and p-xylyleneg 
lycol; and aminodihydroxyl compounds such as etha 
nolamine, p-hydroxymethylaniline, 3,3'-dihydroxyben 
zidine, 2,4-diaminophenol and 1,4-diamino-2,6-dihy 
droxybenzene. 

d. Diisocyanates such as m-phenylenediisocyanate, 
p-phenylenediisocyanate, 4,4'-diphenylmethane diiso 
cyanate, 4,4'-diphenylether diisocyanate and 2,6-naph 
thalene diisocyanate, and masked products of these 
diisocyanates. 

N-aryl-substituted polyamidebenzimidazoles ex 
pressed by the above formula (14-1), N-aryl-sub 
stituted polybenzimidazoles expressed by the above 
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16 
formula (14-2) and copolymers composed mainly of 
these polymers may be prepared according to the 
method disclosed in the above-quoted specification of 
U.S. Pat. No. 3,518,234 (British Pat. No. 1,236,21 1) or 
a modified method thereof. In this invention, substrate 
polymers prepared by other methods may be used as 
far as they meet the above-mentioned requirements (1) 
to 4). The above method disclosed in the specification 
of U.S. Pat. No. 3,518,234 is characterized in that the 
intended polymer is obtained through a polyamidei 
mine. In other words, in this method the reaction of 
forming an N-aryl-substituted-benzimidazole linkage is 
conducted separately from the polymer-forming reac 
tion. In this invention, other methods may be adopted 
for formation of substrate polymers. For instance, poly 
mers expressed by the above formula (14-2) and 
(14-1) may be prepared by polycondensing a tetramine 
or triamine such as expressed by the above formula 
(12-2) or (12-1) with a dicarboxylic acid diaryl ester 
under heating conditions according to the teachings of 
Journal of Polymers Science, Al, 1531 (1963). Further, 
according to the teachings given in Makromolekulare 
Chemie, 77, 41 (1964), polymers expressed by the 
above formula (14-2) may be prepared by reacting a 
diamine containing an N-aryl-substituted benzimid 
azole group, which is expressed by the following for 
mula 

A A. 

N N 

HN-Ar-C Ar C-Ar-NH (12-3) 
/ N / N. 
N / N / 
N N 

wherein Art and Ara are as defined above with respect 
to the formula (2), and Ar is a residue derived from m 
an aminocarboxylic acid such as exemplified in (a-1) 
above, with a dicarboxylic acid chloride or the like. 

Still further, substrate polymers other than those 
expressed by the above formulas (14-1) and (14-2) 
may be prepared, for instance, by the following meth 
ods. 
For instance, N-aryl-substituted polybenzimidazoles 

consisting of the following recurring units 

N 
/ N 
n / 

(14-3) 

Air 

wherein Art and Ar, are as defined above with respect 
to the formula (2), may be prepared by applying the 
method disclosed in Journal of Polymer Science, 50, 
51 1 (1961) to an N-aryl-substituted aromatic 
diaminomonocarboxylic acid expressed by the follow 
ing formula 

NH 
/ 

Q.OC-Art (12-4) 
N. 

h 
3. Arg 
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wherein Ari Ara are as defined above with respect to 
the above formula (2), and Q designates -OH,--OR 2. 
(in which R is a lower alkyl group, a phenyl group or 
other hydrocarbon residue) or -NH, or its reactive 
derivative, thereby to effect the self-condensation 
under heating conditions. . * , , - . . .'; 

In some cases, polybenzimidazoles consisting of the 
recurring units of the formula (14-3) alone fail to meet 
the solubility requirement 3). In such case the solubil 
ity and hydrophilic property may be suitably adjusted 
by copolymerizing such polybenzimidazoles with tri 
amines or tetramines expressed by the formula (12-1) 
or (12-2) and/or polyfunctional compounds such as 
exemplified in (a) to (d) above, whereby substrate 
polymers which can be used in this invention are ob 
tained. In case a diamine and a dicarboxylic or amino 
carboxylic acid or a reactive derivative thereofare used 
as comonomers, there is obtained a polymer, a part of 
the recurring units of which are expressed by the fol 

lowing formula 

(14-4) 

wherein Art and Ar, are as defined above, and B is a 
residue derived from the polyfunctional compound 
added as the comonomer component. 
When a compound of the above formula (12-4) is 

35 

18 
N N 

/ N 2 N. 
O.OC-Air C-B-C ArCO.R (12-6) 

n^ NY 
5 l, l, 

wherein Art, Arg, B and Q are as defined above, or its 
derivative is obtained. When such compound as ex 
pressed by the formula (12-5) or (12-6) or its reactive 
derivative is reacted with a diamine such as exemplified 
as in (b) above and, in the case of the compound of the 
formula (12-5), the cyclodehydration is subsequently 
effected, there is obtained a polybenzimidazole having 
the recurring units, each of which is composed of two 
recurring units of the above formula (144) that are 
alternating in the form reverse to each other, namely. 
the recurring units expressed by the following formula 

10 

15 

N N 
- / N. 2 N 
-NHOC-Ar C-B-C Ar-CONH-B. (14-5) 

. N / 1 
N N 

Ar Ar, 

wherein Art, Ar, and B, are as defined above, and Ba is 
a diamine residue. In this method, preferably examples 
of the group Q are aryloxy and -NH groups. In case 
O is -OH, it is also possible to convert it to the corre 
sponding diacid chloride and then react, it with a dia 
maine. Further, in case Q is. -OH, it is possible to 
obtain a polyamide-benzimidazole having the recurring 
units of the formula (14-5) by employing a diisocya 
nate such as exemplified in (d) above instead of the 
diamine. 
An aminohydrazide expressed by the following for 

mula 

30 

reacted with a dicarboxylic dichloride at a molar ratio NH, 
of 2:1, there is obtained an amideimine dicarboxylic HNHNC-Ar (12-7) 
acid expressed by the following formula YH 

45 
Ara 

NH-B, ENH - - - - - - - - wherein Art and Ar, are as defined above, may be 
O.OC-Ar / . Yar-coo is obtained by reacting a compound of the above formula 

'N 50 (12-4) with hydrazine according to the customary 
NH HN method. Similarly, a benzimidazole hydrazide ex 
l, T pressed by the following formula : 

so N. . . . No Q 
s' ... HNHNA, ; : c-b-c A, HNH, (t2-8) 

. . . N / 'N / 
N N 

Ara. Ar 

wherein Art, Ar and Q are as defined above, and B, 
designates a dicarboxylic acid residue, or a derivative 
thereof, and when this amideimine dicarboxylic acid or 
its derivative is subjected to the cyclodehydration, an 
N-aryl-substituted benzimidazole dicarboxylic acid of 
the following formula ... 

wherein Art, Ar, and B, are as defined above, may be 
formed by reacting a compound of the above formual 
(12-6) with hydrazine. . . : 
A compound of the above formula (12-7) may be' 

converted to a polyamideimine hydrazide expressed by 
... the following formula 

65 
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O Still in addition, there may be prepared a polyben 

zimidazoleurea having the recurring units expressed by 
NHC-B, the following formua 

--- hNHNA, (13-3) 
YNH Q N N O / N 2 N 

Arg HNCNHAr C-B-C Ar-NHCNH-B. 
YN / N/ (14-9) 
l, Ara wherein Art, Ar, and B, are as defined above, by react 

ing it with a diacid chloride at low temperatures ac 
cording to the teachings given in the specification of wherein Art, Ar., B, and Ba are as defined above, by 
U.S. Pat. No. 3,389,122, and when the so formed reacting, for instance, a benzimidazole diamine ex 
polyamideimine hydrazide is subjected to the cyclode- 15 pressed by the following formula 
hydration, there may be formed a polybenzimidazole 
oxadiazole having the recurring units expressed by the o 1N n 2NN 
following formula - - - H.N.-ArscC-B-C-cAt-NH. (2-9) 

2O Arz Ar, 

- - -N wherein Art, Ar and B are as defined above, with a 
1 N diisocyanate. 

S. e-Ari c-B, (4-6) Preferable compounds to be used for introducing an 
O N 25 N-aryl-substituted aromatic monocarboxylic mono 

A. amine group which is represented by Art into com 
2 pounds expressed by above formulae (12-4) to (12-8) 

are compounds expressed by the following formulae 

3O 

wherein Ari, Ar and B are as defined above. How 
ever, some of polymers composed solely of the recur- NH NH 
ring units expressed by the above formula (14-6) fail to QOC € QOC 
meet the above solubility requirement (3). In such 
case, polybenzimidazoles composed mainly of the re- 35 NH. NH 
curring units expressed by the following formula 6 () p 

O N 40 C / N. OQ. 
CNHNHC-Ar C-B (4-7) 

N / N 
H NH 

Arg 
45 and 

r . . . . COQ 

wherein Ari, Ar and B are as defined above, are KX-C) formed by utilizing the phenomenon that when cycliza- (y-NH 
tion of an amideimine linkage to a benzimidazole ring 50 NH 
and cyclization of a diacylhydrazide linkage to a 1,3,4- 
oxadiazole linkage are simultaneously conducted in the 
E. G an acid catalyst, the former yclization is in which O is as defined above, and X is selected from 
generally allowed to advance preferentially. -O-, -CH2-, -SO2-, -S- and -CO-. 

Still further, a polybenzimidazole-semicarbazide hav- 55 in the cyclodehydration of polymers having the N 
ing the recurring units expressed by the following for- aryl-substituted aromatic triamine or tetramine struc 
mula tural units of the foregoing formula (13-1), (13-2) or 

--- N N 'Y' S 2 NHCONHNHCo-Ar1 SC-B-C 2 ArCONHNHCONH-B, (14-8) NN1 NN1 
Arg Ar, 

wherein Art, Ar, and B, are as defined above, and Ba 65 (13-3), all of the amideimine portions need not be 
designates a diisocyanate residue, may be formed by converted to N-aryl-substituted benzimidazole units, 
reacting a compound of the above formula (12-8) with but it is sufficient that at least about 50%, preferably at 
a diisocyanate. least about 70%, of the amideimine portions are cy 
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clodehydrated to N-aryl-substituted benzimidazole 
units. 

Preferable conditions to be adopted for preparing 
substrate polymers to be used in this invention by em 
ploying N-aryl-substituted triamines or tetramines ex 
pressed by the above formula (12-1) or (12-2) accord 
ing to our previously proposed process disclosed in the 
specification of U.S. Pat. No. 3,518,234 or British Pat. 
No. 1,236,211, will now be illustrated in more details. 
When aromatic triamines and/or tetramines such as 

mentioned above are reacted with dicarboxylic halides 
in an interfacial solvent system comprising an inert 
organic solvent such as methylethylketone, cyclohexa 
none, tetrahydrofuran or tetramethylenesulfone and an 
aqueous alkali solution, or in low temperature solution 
polymerization system comprising a weakly basic sol 
vent such as N-methylpyrrolidone, hexamethylphos 
phoramide or N,N-dimethylacetamide, corresponding 
polyamideimines ae formed. When these polyamidei 
mines are heated at a temperature exceeding 200°C., 
preferably 250 to 300°C., for several hours in the solid 
state, or when they are heated in the solution state at 
60 - 200°C. in the presence of an acidic substance 
such as cresol, acetic acid, formic acid, phosphoric 
acid, sulfonic acid, sulfuric acid, boric acid and hydro 
gen chloride, the cyclodehydration is caused to occur 
and there are obtained N-aryl-substituted benzimid 
azole polymers. As the advantageous method for ac 
complishing the above reaction, there may be men 
tioned a method in which a polyamideimine if formed 
in a weakly basic aprotic polar solvent such as exempli 
fied above and the as-obtained polyamideimine in the 
solution state is heated and cyclized by employing as a 
catalyst the hydrogen halide formed as a by-product in 
the above polyamideimine-forming reaction, thereby to 
convert the polyamideimine to the intended N-aryl 
substituted benzimidazole polymer. In this advanta 
geous method, the hydrogen halide remaining in the 
system may be converted to a lithium halide or calcium 
halide by addition of an oxide or hydroxide of lithium 
or calcium, and such metal halide may be used as a 
swelling agent in preparing a membrane from the N 
aryl-substituted benzimidazole polymer, which feature 
will be detailed hereinbelow. Further, at the cyclization 
step, in order to adjust the catalytic activity of the 
hydrogen halide, a lower alkylene oxide may be added 
to convert a part of the hydrogen halide to a halohy 
drin. 

In the above reaction, when polyfunctional comono 
mer components such as illustrated hereinabove are 
made to pertain to the reaction, substrate polymers of 
the copolymer type having the N-aryl-substituted benz 
midazole units can be formed. These comonomer com 
ponents are suitable chosen depending on specific uses 
of the resulting permselective membrane. 

In addition to such copolymers, blends of polymers 
composed of components such as illustrated herein 
above may also be used in this invention. 
Needless to say, any of N-aryl-substituted benzimid 

azole homopolymers and copolymers meeting the 
above requirements (1) to 4 may be used, regardless 
of the preparation method, for formation of the 
permselective membrane of this invention. 

In this invention, according to any of the foregoing 
various methods, there may be provided N-aryl-sub 
stituted benzimidazole polymers meeting the following 
four requirements: 
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1. they have N-aryl-substituted benzimidazole units 
expressed by the formula (2), namely the formula 
(2-a) or (2-b); 

2. the above-defined parameter (Hip) of hydrophilic 
property is at least 0.4, preferably at least 0.5, in 
those polymers; 

3. their solubility at 25°C. in a solvent composed of at . 
least one member selected from the group consist 
ing of N,N-dimethylacetamide, N-methylpyrroli 
done, dimethylsulfoxide and hexamethylphos 
phoramide (which solvent may comprise lithium 
chloride in an amount not exceeding 5% by weight) 
is at least 7% by weight; and 

4. they have a molecular weight sufficient to form 
film. ? 

The above substrate polymer of this invention has the 
N-aryl-substituted benzimidazole units expressed by 
the above formula (2-a) or (2-b), and since these units 
comprise polar groups illustrated in Table 1, such as 
imidazole, amide and substituted amino groups, the 
substrate polymer is essentially hyrophilic. This hydro 
philic property may be suitably adjusted by selecting 
appropriate groups as Ari, Ara and/or Ara on the for 
mula (2-a) or 2-b), adjusting the kinds or ratios of 
comonomer components forming the units B of the 
substrate polymer, or controlling appropriately the 
degree of the cyclodehydration of the intermediate 
polyamideimine or its copolymer. Thus, suitable 
amounts of polar groups illustrated in Table 1, such as 
hydroxyl, amino, sulfone and oxadiazole groups, may 
be introduced into the substrate polymer. 

Further, when amounts and kinds of Art, Ar and Ara 
groups and/or comonomer components are appropri 
ately adjusted and chosen, the amounts and kinds of 
pendant ionic groups to be contained in the substrate 
polymer, such as -SOH, -SOMe, -COOH, 
-COOMe, ammonium salt and/or quaternary ammo 
nium salt (in which Me stands for an alkali metal or 
alkaline earth metal), can also be adjusted and con 
trolled very easily. 
Accordingly, in this invention it is possible to obtain 

easily a substrate polymer having appropriate hydro 
philic property, namely a substrate polymer having a 
parameter (Hp) of hydrophilic property of at least 0.4, 
preferably at least 0.5. 
Furthermore, since the substrate polymer of this 

invention contains N-substituted aryl groups, the mo 
lecular space is great within an appropriate range, and 
hence, it has an increased solubility and a suitable 
permselectivity. The solubility of the substrate polymer 
in such a solvent as mentioned in connection with the 
requirement (3) may be adjusted or controlled by ad 
justing the degree of the cyclodehydration of the inter 
mediate polyamideimine or its copolymer or by adjust 
ing and selecting appropriately the kinds and amounts 
of comonomer components. Thus, a substrate polymer 
having a solubility in such a solvent as specified above 
which is at least 7% by weight, preferably at least 10% 
by weight can be formed easily in this invention. The 
The fact that the substrate polymer of this invention 
has such solubility not only indicates that its process 
ability at the step of forming a membrane is good, but 
also means that when the substrate polymer having an 
appropriate solubility (affinity) in such a polar solvent 
as N,N-dimethylacetamide, N-methylpyrrolidone, di 
methylsulfoxide and hexamethylphosphoramide is 
formed into a membrane, it exhibits an appropriate 
permselectivity. - 
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Methods of forming membranes from the foregoing 
substrate polymers will now be detailed. 

6. Formation of Membranes 
The permselective membrane of this invention may 

be obtained by forming a film from a solution com 
posed mainly of an N-aryl-substituted benzimidazole 
homopolymer or copolymer such as illustrated de 
tailedly hereinabove, in an organic polar solvent. 
As preferable solvents to be used for membrane for 

mation, there may be mentioned aprotic polar organic 
solvents, especially, so-called amide-type solvents such 
as N-methylpyrrolidone, N-methylcaprolactam, N,N- 
dimethylformamide, N,N-dimethylacetamide, hexame 
thylphosphoramide and tetramethylurea; and sulfone 
and sulfoxide-type solvents such as dimethylsulfoxide 
and tetramethylenesulfone It is particularly preferred 
that such aprotic polar organic solvents have a dielec 
tric constant (e) of a least 15. 
When a polymer solution is prepared by employing 

such a solvent as mentioned above, solubility, drying 
property, solidifying property and other properties may 
be adjusted by addition of a suitable diluent. As such 
diluent there may be preferably used, for instance, 
water, methanol, ethanol, chloroethanol, ethylenegly 
col, chloropropanol, ethyl acetate and chloroform. It is 
desired that such diluent is used in such an amount that 
the substrate polymer dissolved in the aprotic polar 
organic solvent is not caused to precipitate and the film 
does not lose transparency during the membrane-mold 
ing step. 

In this invention, for formation of permselective 
membranes there is preferably employed a process 
comprising partially solidifying a solution comprising 
(a) a linear substrate polymer having the above-men 
tioned N-aryl-substituted benzimidazole structural 
units and (b) an aprotic polar organic solvent capable 
of dissolving said substrate polymer therein, such as 
exemplified above, or a mixture of said solvent with a 
diluent such as mentioned above (such solvent and its 
mixture will be inclusively referred to as "aprotic or 
ganic solvent" hereinbelow), if desired, together with 
(c) a low molecule compound which is soluble in both 
the organic solvent (b) and a non-solvent (d) men 
tioned below and has a molecular weight not exceeding 
500, to such an extent that the resulting partially solidi 
fied product has a self-sustaining property, dipping the 
partially solidified product into (d) a non-solvent for 
said linear substrate polymer, which has a compatibility 
with said polar organic solvent, and thereby extracting 
at least 75% by weight of said polar organic solvent (b) 
or of said polar organic solvent (b) and low molecule 
compound (c) left in said partially solidified product. 
In accordance with this preferable process, there may 
be found permselective membranes having excellent 
permselective characteristics. 
This preferable proces of this invention for the prepa 

ration of permselective membranes will now be illus 
trated. 

In this invention, the substrate polymer (a) having 
the above-mentioned N-aryl-substituted benzimidazole 
recurring units is dissolved in the aprotic polar organic 
solvent (b) in such an amount that the polymer concen 
tration is about 7 to about 50% by weight, preferably 
about 10 to about 35% by weight. In this case, a suit 
able amount of a diluent such as mentioned above may 
be added before or after dissolution of the substrate 
polymer. The dissolution of the substrate polymer into 
the polar organic solvent is conducted at an appropri 
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24 
ate temperature within a range of from room tempera 
ture to 100°C. 

In the dissolution of the substrate polymer, it is pre 
ferred that inorganic salts such as lithium chloride, 
lithium bromide, lithium nitrate, calcium chloride, cal 
cium bromide, calcium nitrate and magnesium perchlo 
rate, and organic compounds such as urea, ethylenegly 
col, glycerine and formamide are added as low mole 
cule compounds (c) being soluble in both the aprotic 
polar solvent (b) and a non-solvent (d) for the sub 
strate polymer (a), which will be detailed hereinbelow, 
and having a molecular weight not exceeding 500. 
Inorganic salts such as exemplified above are especially 
preferably used as low molecule compounds (c). The 
dissolution of the low molecule compound (c) into the 
aprotic polar organic solvent (b) may be effected at 
any time. Namely, such low molecule compound (c) 
may be dissolved in the organic solvent (b) before, 
during or after the dissolution of the substrate polymer 
(a) into the solvent (b). 
The so formed solution comprising the substrate 

polymer (a) and the aprotic polar organic solvent (b) 
optionally together with the low molecule compound 
(c) is partially solidified by separating and removing a 
part of the solvent therefrom to such an extent that the 
substrate polymer in the solution comes to have a self 
sustaining property, whereby a partially solidified 
membrane of the substrate polymer (a) is obtained. 

It is preferred that such partially solidified membrane 
contains 200 to 25% by weight, especially 150 to 50% 
by weight, of the aprotic polar organic solvent (b) or 
said solvent (b) and the low molecule compound (c) 
based on the substrate polymer (a) in the partially 
solidified membrane. It is also preferred that the 
amount of the low molecule compound 50in the start 
ing solution is less than 0% by weight, especially 5 to 
30% by weight, based on the substrate polymer. 
Preferable temperatures for partial drying to obtain 

such partially solidified membrane vary depending on 
the kind of the solvent, the casting thickness, the drying 
time, the feed rate of the drying hot air and other fac 
tors, but in case the solidification is effected according 
to the drying method, preferable temperatures range 
from 30° to 200°C., especially from 80° to 150°C. 

In preparing the above-mentioned partially solidified 
membrane, it is possible to mold it into a suitable form. 
For instance, the substrate polymer may be molded 
into not only a film form but also a thin coating formed 
on a porous plate or substrate material or a hollow 
fiber, etc. In case formation of a permselective mem 
brane of the film form is intended, the above-men 
tioned solution is cast on a belt or plate. In case a po 
rous substrate material is employed, the solution is 
coated on the substrate material by means of, for in 
stance, roll coating, spray coating and dipping. In case 
a membrane of the hollow fiber form is prepared, the 
solution is extruded from spinnerets for hollow fibers. 
Thus, the above solution is formed into a partially solid 
ified film or membrane by a dry or wet method or a 
combination of dry and wet methods. 

In this invention, the so formed partially solidified 
product of the substrate polymer having a self-sustain 
ing property is dipped in a non-solvent (d) which has a 
compatibility with the aprotic polar organic solvent (b) 
but cannot dissolve the substrate polymer (a) therein, 
and at least 75% by weight of the remaining solvent (b) 
or at least 75% by weight of each of the solvent (h) and 
the low molecule compound (c), when it is dissolved in 



3,951,920 
25 

the solent (a), is extracted and separated from the 
partially solidified membrane. It is desired that this 
extraction is effected to such an extent that 80 to 100% 
by weight of the remaining solvent or 80 to 100% by 
weight each of the remaining solvent and low molecule 
compound may be separated. Thus, a permselective 
membrane of this invention is prepared. 

Preferable examples of the non-solvent (d) to be 
used for dipping of the partially solidified film or mem 
brane include, for instance, water, alcohols such as 
methanol, ethanol, propanol, butanol, ethyleneglycol 
and glycerine, and aqueous solutions of such alcohols. 
Use of water, methanol, ethanol or an aqueous solution 
of methanol or ethanol is especially advantageous. In 
general, extraction is preferably carried out at a tem 
perature ranging from -20° to 50°C. When dipping 
extraction is effected at too high a temperature, al 
though the extraction rate may be accelerated, care 
must be taken because properties of the membrane are 
extremely damaged by loss of transparency and forma 
tion of heterogeneous portions in the membrane. In 
general, the dipping extraction is conducted for a time 
sufficient to extract at least 75% by weight each of the 
remaining solvent and low molecule compound from 
the partially solidified film or membrane. It is desired 
that after the extraction step, the resulting membrane is 
stored in water and the water-containing state is kept in 
the membrane. In general, the water content of the 
membrane is about 25 to 75% by weight. “The water 
content of the membrane" is calculated by the follow 
ing formula 

weight of water contained in membrane 
water content (%) = weight of set membrane 

In some cases, when the membrane is treated with 
hot water maintained at 70 - 95°C. after the dipping 
extraction step, properties such as desalinizing ability 
can be further improved. 

In this invention, when the low molecule compound 
(c) is made present in a solution of the substrate poly 
mer (a) in the aprotic polar organic solvent, on dipping 
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advance and on this side the degree of solidification is 
accelerated. In the case of the dry method, the solvent 
is evaporated preferentially from one membrane sur 
face and while a part of the solvent still remains, the 
membrane is dipped into the non-solvent (d) to extract 
and remove the remaining solvent and the like. In this 
case, it is nnecessary to add as the low molecule com 
pound (c) an inorganic or organic salt or an organic 
compound which is different from the organic solvent 
with respect to the average size and volatilizing rate, 
and the permselectivity of the resulting membrane can 
be greatly improved by removing such low molecule 
compound (c) at the extraction step. : ... , 
The permselective membrane of this invention has 

generally a thickness of 2 to 400 u. In case the mem 
brane is of the film form, the thickness of the mem 
brane is 10 to 400 u, preferably 40 to 200 p.In the case 
of a hollow fiber, it has generally an outer diameter of 
20 to 150 u, a thickness of 5 to 40 pl. and a void ratio of 
0.1 to 0.6. . . . 

The permselective membrane of this invention can 
be prepared easily and it exhibits good water permea 
bility and desalinizing property when it is used for de 
salination or demineralization of sea water and brack 
ish water by the reverse osmosis method. Further, since 
the substrate polymer of the membrane is chemically 
very stable and has excellent mechanical properties, it 
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can endure a long-time use and even under high pres 
sure it exhibits a good form-stability and a very low 
reduction of water permeability. Therefore, the 
permselective membrane of this invention has a very 

x 100 

excellent practical value. 
In general, when the permselective membrane of this 

invention is used for desalination or demineralization 
of sea water or brackish water by the reverse osmosis 
method, it exhibits such excellent permselective char 
acteristics that the water permeability Wp is 5 to 1300 
l/m/hour atm and the salt rejection is 40 to 99.8%, the 

of the partially solidified membrane into the non-sol- is water permeability and salt rejection being calculated 
vent (d); not only the organic solvent (b) but also the 

water permeability Wp = 

salt rejection (%) = ( 

low molecule compound (c) is extracted and separated: 
'from the partially solidified membrane. As a result, the 
obtained permselective membrane has a very minute 
porous structure, by dint of which the permselectivity 
of the membrane can be further enhanced. 
As in the case of cellulose acetate membrane pro 

posed by Loeb et al. (U.S. Pat. No. 3,133,132), the 
substrate polymer to be used in this invention may be 
formed into a permselective membrane having an 
asymmetric structure, namely a double-layer structure 
composed of a thin dense upper layer and a thick, 
relatively porous layer. For instance, in the case of the 
wet film-forming method, only one film surface is al 
lowed to have a contact with the non-solvent (d) in 
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by the following formulae: 

amount of permeated water (liters) 
x 10: 

membrane area (m) X time (hr) X pressure (atm) 

salt concentration in permeated water ) X 100 salt concentration in feedwater 

In determination of the water permeability Wp ac 
cording to the above formula, the pressure (atm) 
means the effective reverse osmosis pressure, that is 
(Ap - Aar) where Ap is the difference in hydraulic 
pressures across membrane, and AT is the difference in 
osmotic pressures across the membrane. 
The permselective polymeric membrane of this in 

vention can be clearly distinguished from the mem 
brane of the above-mentioned U.S. Pat. No. 3,567,632 
in that the substrate polymer of the permselective 
membrane of this invention contains N-aryl-substituted 
groups in its main chain, and by dint of the presence of 
said N-aryl-substituted groups, the permselective mem 
brane of this invention has a permselectivity highly 
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improved over the permselective membrane of said 
U.S. Pat. No. 3,567,632. As is seen from Examples 
given hereinbelow, when poly(metaphenylene isoph 
thalamide/terephthalamide) copolymer which is a typi 
cal instance of the substrate polymer of said U.S. Pa 
tent is compared with the polyamide-benzimidazole of 
this invention, the polymer of this invention can be 
formed into a membrane more easily and the perme 
ation characteristics, especially permselective permea 
bility, of the membrane formed from the polymer of 
this invention are highly improved over those of the 
membrane formed from the polymer of said U.S. Pa 
tent. 
The permselective membrane of this invention is 

effectively employed for not only desalination or di 
mineralization of sea water or brackish water but also 
treatment of poisonous waste waters discharged from 
pulp fucteries, plating works and similar plants, separa 
tion treatment of radioactive waste waters discharged 
from atomic piles or the like, or separation or concen 
tration of various components in pharmaceutical, bio 
chemical and dietary industries. In addition, the 
permselective membrane of this invention may be used 
for dialysis and electrolytic dialysis and be utilized in 
other fields broadly. 
This invention will now be illustrated more detailedly 

by reference to Examples. These Examples are given 
for better illustration of this invention and the scope of 
this invention is not limited by these Examples. 

EXAMPLE 1 

In accordance with the method disclosed in the speci 
fication of U.S. Pat. No. 3,518,234, a polyamideimine 
having an inherent viscosity of 0.85 (measured at 30°C. 
as a solution of 0.5g polymer in 100 ml of N-methyl 
pyrrolidone; values of the inherent viscosity given here 
inbelow are those determined in this way unless other 
wise indicated) was prepared from terephthaloyl chlor 
ide and 2,4-diaminodiphenylamine by the interfacial 
polycondensation employing the methylethylketone 
water system. This polyamideimine was treated at 280 
-300°C. for 3 hours in a nitrogen atmosphere to obtain 
a polyamidebenzimidazole having an inherent viscosity 
of 1.93. As a result of the infrared absorption spectrum 
analysis, it was found that the conversion to the polya 
mide-benzimidazole was more than 95%, and this poly 
mer had the recurring units expressed by the following 
formula 

N 
OCHN N. 

By the calculation, the hydrophilic parameter (Hip) of 
the polymer was found to be 0.65. When the Nrfs value 
of this polymer was calculated according to the method 
described in U.S. Pat. No. 3,567,632, it was found that 
the above value was 12 and hence, the polymer ob 
tained in this Example was apparently outside the 
scope of said U.S. Patent. 
This polyamide-benzimidazole was dissolved in N 

methylpyrrolidone so that the polymer concentration 
was 15% by weight, and lithium chloride was further 
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28 
dissolved therein in an amount of 20% by weight based 
on the polymer weight. The resulting solution was fil 
tered with a microfilter and cast in a thickness of 60 put 
on a smooth glass plate at room temperature by means 
of a doctor knife. The casting was dried at 130°C. for 
15 minutes, and it was then dipped into methanol main 
tained at 30°C. for about 30 minutes together with the 
glass plate. The film was peeled off from the glass plate 
and dipped in a great quantity of water at room temper 
ature all night long. 
The so formed membrane was transparent and had a 

dark brown appearance. The thickness of the mem 
brane was 33-36 pu, and the water content was 56%. A 
part of the resulting membrane was cut, dried and sub 

15 jected to the atomic absorption analysis, and as a result 
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it was found that the amount of remaining lithium 
chloride was less than 0.003%. 
The wet membrane was set to reverse osmosis appa 

ratus especially designed to enable pressurization of up 
to 150 Kg/cm. The membrane area was 11.3 cm, and 
a support of a pore size of 5 pu composed of sintered 
stainless steel disc and filter paper was employed. The 
membrane was disposed so that the surface which had 
been allowed to contact with air at the time of drying 
during the initial stage of the membrane formation was 
to face the high pressure solution side. A saline solution 
of a concentration of 0.105% (having an osmotic pres 
sure of 0.75 atm as measured at 25°C.) was used and 
the permeation test was conducted at 25°C. under a 
pressure of 6.0 Kg/cm. 
The amount of water permeated through the mem 

brane was periodically determined, and the salt con 
centration of the permeated water was determined 
conductometrically to know the salt rejection. As a 
result, it was found that the water flux was 5.4 l/m/hr, 
the salt rejection was 95.0% and the water permeability 
Wp was 1030. 
The above experiment was repeated in the same 

manner except that the air-contacted surface was dis 
posed to face the high pressure solution side. It was 
found that the water flux was 6.0 l/m/hr, the salt rejec 
tion was 93.5% and the water permeability Wp was 
1140. Thus, it will readily be understood that the mem 
brane obtained in this Example exhibited good water 
permeability and high desalinizing activity even under 
such a low pressure as 6.0 Kg/cm. 
A membrane prepared in the same manner as above 

was treated with hot water maintained at 80°C. for 5 
minutes, and it was tested in the same manner as above. 
When the front surface (the surface which had been 
allowed to have a contact with air during the mem 
brane formation by evaporation of the solvent; the 
back surface means the surface opposite to said front 
surface; same will apply hereinbelow) was disposed to 
face the high pressure solution side, the water flux was 
3.0 l/m/hr, the salt rejection was 98% and the water 
permeability Wp was 570. When the back surface was 
disposed to face the high pressure solution side, the 
wate flux was 3.2 l/m/hr, the salt rejection was 94% 
and the water permeability Wp was 610. 
For comparison, a copolyamide having an inherent 

viscosity of 1.60 was prepared from 100 mol % of m 
phenylene diamine, 30 mole % of terephthaloyl chlor 
ide and 70 mole % of isophthaloyl chloride by the low 
temperature solution polycondensation employing N 
methylpyrrolidone system according to the method 
disclosed in said U.S. Pat. No. 3,567,632, and a solu 
tion of 15% by weight of the copolymer in N-methyl 
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pyrrolidone containing lithium chloride in an amount 
of 20% by weight based on the polymer weight was 
prepared. From this solution was formed a white semi 
transparent membrane of a thickness of 40 - 44 u 
under the same drying and dipping conditions as de 
scribed above. 
The resulting membrane was subjected to the same 

permeation test under a pressure of 6.0 Kg/cm with 
use of a 0.105% saline solution. When the front surface 
was disposed to face the high pressure solution side, the 
water flux was 2.2 l/m/hr, the salt rejection was 28% 
and the water permeability Wp was 420. When the 
back surface was disposed to face the high pressure 
solution side, the water flux was 2.5 l/m/hr, the desali 
nizing ratio was 9.4% and the water permeability Wp 
was 477. 

Further, this membrane was treated with hot water 
maintained at 80°C for 5 hours, and it was tested in the 
same manner as above. When the front surface was 
disposed to face the high pressure solution side, the 
waer flux was 1.0 l/m/hr, the salt rejection was 50% 
and water permeability Wp was 190. When the back 
surface was disposed to face the high pressure solution, 
the water flux was 1.65 l/m/hr, salt rejection was 41% 
and the water permeability Wp was 314. 

EXAMPLE 2. 

In accordance with the same process as employed in 
Example l, a copolyamide-benzimidazole having a 
hydrophilic parameter Hp of 0.61 and an inherent vis 
cosity of 1.45 was prepared from 100 mole % of tereph 
thaloyl chloride, 80 mole % of 2,4-diaminodiphenyla 
mine and 20 mole % of 4,4'-diaminodiphenylether, and 
this copolymer was dissolved into N-methylpyrrolidone 
so that the copolymer concentration was 15% by 
weight. Then, calcium chloride was added and homo 
geneously dissolved in the solution in an amount of 
20% by weight based on the polymer weight. A mem 
brane was prepared from this solution under the same 
conditions as in Example 1. 
The resulting membrane had a thickness of 23 pu, and 

a water content of 65.5%, and as a result of the atomic 
absorption analysis it was found that the amount of 
calcium chloride left in the membrane was 0.019%. 
With use of the same apparatus as employed in Ex 

ample 1, the membrane was subjected to the perme 
ation test under a pressure of 6.0 Kg/cm by employing 
a 0.105% saline solution. When the front surface was 
disposed to face the high pressure solution side, the 
water flux was 6.47 /m/hr, the water permeability Wp 
was 1230 and the salt rejection was 93%. When the 
back surface was disposed to face the high pressure 
solution side, the water flux was 6.37 l/m/hr, the water 
permeability Wp was 1210 and the salt rejection was 
.92%. , 

EXAMPLE 3 
A 3.5% saline solution (having an osmotic pressure 

of 24.5 atm as measured at 25°C.) was charged in the 
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same reverse osomosis apparatus as used in Example 1, 
to which a membrane prepared in the same manner as 
in Example 2 was set, and the permeation test was 
carefully out under a pressure of 100 Kg/cm. When 
the front surface of the membrane was disposed to face 
the high pressure solution side, the water flux was 27.3 
l/m/hr, the water permeability Wp was 362 and the salt 
rejection was 97%. When the back surface of the mem 
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brane was disposed to face the high pressure solution 
side, the water flux was 33.5 l/m/hr, the water permea 
bility Wp was 445, and the desalinizing ratio was 89%. 

EXAMPLE 4 
A 15% by weight solution of the copolyamide-ben 

zimidazole prepared in Example 2 in N-methylpyrroli 
done was cast on a glass plate and dried at 100°C. for 3 
minutes. Then, the casting was dipped in a 40% aque 
ous solution of calcium chloride maintained at 100°C. 
for 10 minutes to obtain a yellow semi-transparent 
membrane. 
After it had been dipped in a great quantity of water 

for 3 days, the membrane was subjected to the reverse 
osmosis test under a pressure of 80 Kg/cm at 25°C. 
with use of a 3.5% saline solution. When the front 
surface of the membrane was disposed to face the high 
pressure solution side, the water flux was 2.341/m/hr, 
the water permeability Wp was 42 and the salt rejection 
was 95%. The tested membrane had a thickness of 10 p. 
and a water content of 28%. 

EXAMPLE 5 
A solution comprising 15 parts by weight of the 

copolyamidebenzimidazole prepared in Example 2, 4.5 
parts by weight of lithium chloride and 80.5 parts by 
wight of N-methylpyrrolidone was prepared, and it was 
filtered with a microfilter, following which the solution 
was cast on a glass plate in a thickness of 350 pu. The 
drying was effected at 130°C. for 15 minutes, and the 
casting was dipped in water maintained at room tem 
perature for one day. The resulting membrane had a 
thickness of 75 pu, and a water content of 67%. 
The so formed membrane was set to the same reverse 

osmosis apparatus as used in Example 1, and the per 
meation test was carried out at 25°C. under 80 Kg/cm 
by employing an aqueous solution containing 1.0% by 
weight of an inorganic salt indicated in Table 2 below. 
Results are shown in Table 2. 

Table 2 
Kind of Water Salt 
inorganic Water flux permeability rejection 
salt (l/m/hr) (Wp) (%) 

LiCl 14.0 195 99. 
NaC 17.5 244 99.5 
CaCl 6.0 222 99.8 
LiNO 15.8 220 98.2 
NaNO 14.3 85 98.5 
Ca(NO), 16.5 230 99.8 

EXAMPLE 6 
A solution comprising 6 g of the copolyamide-ben 

zimidazole of an inherent viscosity of 1.45 employed in 
Example 2, 1.8g of calcium chloride and 30 g of N 
methylpyrrolidone was cast on a glass plate and dried at 
130°C. for 15 minutes in the air. The casting was 
dipped in a great quantity of water maintained at room 
temperature together with the glass plate, to remove 
the remaining solvent and calcium chloride therefrom. 
Thus, a membrane having a thickness of 28 p. was ob 
tained. 
The so formed membrane was set to the same appa 

ratus as used in Example 1, and the permeation test was 
carried out under a pressure of 80.0 Kg/cm with the 
use of a 1.05% saline solution while varying the temper 
ature of the feed solution as indicated in Table 3. Re 
sults are shown in Table 3. 
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Table 3 

Membrane Temperature of feed solution 
thickness (pl.) 25°C 50°C 80°C 

Before After Water Salt Water Salt Water Salt 
pressur- pressur- flux rejection flux rejection flux rejection 

Substrate polymer ization ization (l/m/hr) (%) (I/m/hr) (%) (l/m/hr) (%) 
copolyamide- 28 26 15.5 96.6 33.8 92.0 45.5 88.5 
benzimidazole 

EXAMPLES 7 to 20 

The permeability of a permselective membrane may 
also be evaluated based on the direct osmosis to a solu 
tion having an osmotic pressure. In view of this fact, 
these experiments were carried out. 
A solution of N-methylpyrrolidone containing 15% 

by weight of the copolyamide-benzimidazole obtained 
in Example 2 was incorporated with an inorganic salt or 
low molecule compound indicated in Table 4 in the 
amount also indicated in Table 4, and the resulting 
solution was formed into a membrane by the mem 
brane-forming method described in Example 1. The 
membrane so formed was used as a diaphragm posi 
tioned between a saline water having a concentration 
of 4.0% by weight (the osmotic pressure being 32.5 atm 
as measured at 25°C.) and pure water, and the water 
permeation rate and salt permeation rate were deter 
mined at 25.0°C. Results are shown in Table 4. 
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herent viscosity of 0.71 and a hydrophilic parameter of 
0.61. 

The resulting polymer solution was divided into two 
portions. Lithium chloride was added to one portion in 
an amount of 20% by weight based on the polymer 
weight. Then, the two portions of the solution were 
separately cast on a glass plate, dried at 115°C. for 15 
minutes and dipped into methanol at room temperature 
together with the glass plate. 
With use of the so formed membranes, the perme 

ation test was carried out at 25°C. under a pressure of 
6.0 Kg/cm by employing a 0.105% saline solution. 
Each membrane was disposed so that the front surface 
was to face the high pressure solution side. 
The membrane prepared from the lithium chloride 

free solution (containing small amount of hydrochloric 
acid, propylene oxide and propylene chlorohydrin) had 

Table 4 

Water 
content 

of Membrane 
Example Additive en- thickness Water flux Salt flux 

brane 
No. Kind Amount (%) (pl.) (pugicm/sec) (pug/cm/sec) 

7 - O 18.4 13 5.8 0.005 
8 LiC 2.8 5 0.0 0.010 
9 LiC 2 24.3 5 16.0 0.03 
O LiCl 5 50.6 17 57.0 0.015 

1 LiCl 10 54.5 13 . 150.0 0.100 
2 LiCl 20 56.0 30 295.0 0.125 
3 CaCl 1 22.0 4 7.4 0.085 
14 CaCl, 3 3.0 4. 2.4 0.053 
5 CaCl 5 37.0 5 44.3 0.094 
16 CaCl 10 46.0 8 131.0 0.234 
7 CaCl 20 65.5 23 360.0 0.263 
18 Mg(ClO4), 20 21.2 21 8.3 0.003 
19 tea 5 24.3 18 11.2 0.05 
20 glycerine 20 31.0 28 0.1 0.024 
com- LiCl 20 42 86 0.93 

parison" 
*Aromatic polyamide prepared in Example 1 as a comparative polymer was used as the substrate polymer. 
**The amount of the additive was expressed in terms of the percent by weight based on the polymer weight. 

EXAMPLE 21 

A solution of N,N-dimethylacetamide containing a 
copolyamideimine at a concentration of 15% by weight 
was prepared from 25 mole % of terephthaloyl chlor 
ide, 75 mole % of isophthaloyl chloride, 80 mole % of 
2,4-diaminodiphenylamine and 20 mole % of 4,4'- 
diaminodiphenylether by conducting a customary low 
temperature solution polymerization method in the 
presence of N,N-dimethylacetamide. Then, propylene 
oxide was added to the solution in an amount equimo 
lar to hydrochloric acid remaining in the solution, and 
the solution was heated at 100°C. for 1 hour to convert 
the copolyamide-imide to a corresponding copolya 
mide-benzimidazole. By the infrared absorption spec 
trum analysis, it was confirmed that the cyclodehydra 
tion was caused to occur in the copolyamide-imide. 
The resulting copolyamide-benzimidazole had an in 
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a thickness of 15 pl. and a water content of 25%. At the 
permeation test of this membrane, the water perme 
ation rate was 0.50 l/m/hr, the water permeability Wp 
was 95 and the desalinizing ratio was 98.5%. 
The membrane prepared from the solution contain 

ing 20% by weight of lithium chloride based on the 
polymer weight had a thickness of 18 pu, and a water 
content of 54%. At the permeation test of this mem 
brane, the water flux rate was 3.8 l/m/hr, the water 
permeability Wp was 720, and the salt rejection was 
97.6%. 

EXAMPLE 22 

In accordance with the same polymerization method 
as described in Example 1, a polyamideimine having 
the following structural units 



(1) 

was prepared from 2,4-diaminodiphenylamine and 
isophthaloyl chloride... . . . . . . w 

A part of the so formed polyamideimine was sub 
jected to the cyclodehydration in the same manner as 
in Example 1 to obtain a polyamide-benzimidazole 
having the following structural units. 

OCHN OC (2) 

in which more than 95% of the amideimine linkages 
were converted to the amide-benzimidazole linkages. 
The Nirls value of the polyamideimine (1) was calcu 

lated according to the disclosure of the above-quoted 
U.S. Pat. No. 3,567,632, and it was found that the value 
was 6.5 and the polyamideimine was included in the 
scope of said U.S. Patent. Similarly, the Nrfs, value of 

O 
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the polyamide-benzimidazole (2) was calculated, and it 30 
was found that the value was 12 and the polymer (2) 
was outside the scope of said U.S. Patent. . . . 
A solution comprising 10 parts by weight of the poly 

mer (1), 3 parts by weight of lithium chloride and 87 
parts by weight of N-methylpyrrolidone was prepare 
Similarly, a solution comprising 10 parts by weight of 
the polymer (2), 3 parts by weight of lithium chloride 
and 87 parts by weight of N-methylpyrrolidone was 
prepared. Both the solutions were cast on a glass plate, 
dried at 130°C. for 15 minutes and dipped in water at 
room temperature for one day. 
The so obtained membranes derived from polymers 

(1) and (2) were subjected to the permeation test at 
25°C. under a pressure of 80 Kg/cm with use of the 
same reverse osmosis apparatus as employed in Exam 
ple 1 by using a 1.0% saline solution. Results are shown 
in Table 5. ' . . . . . 

Table 5 
Substrate Polymer 

Polymer of 
recurring Polymer of 

... units (l), recurring. 
(comparison) units. (2) 

Membrane thickness (pl.) 48 - - - - 52 - 
Water content (%) 53 65 
Water flux rate (l/m/hr) 4.3 7.8 
Water permeability Wp 60 248 
Salt rejection (%) 92. 98.6 

'''''': 

From the test result shown in Table 5 , it will readily 
be understood that the N-aryl-substituted benzimid 
azole linkage exhibits a great contribution to improve 
ment of permselective characteristics. 

EXAMPLE 23 

In accordance with the polymerization method de 
scribed in Example 1, a copolyamide-benzimidazole 
was prepared from 80 mole % of 2,4-diaminodi 

d. 35 

40 
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phenylamine and 20 mole % of 3,3'-diaminodiphenyl 
sulfone. This polymer had a hydrophilic parameter Hp 
of 0.61. . . . 

In the same manner as described in Example 1, a 
solution of the polymer in N-methylpyrrolidone having 
a polymer concentration of 15% by weight was pre 
pared and formed into a membrane. 
For comparison, a polyamide was prepared from 

3,3'-diaminodiphenylsulfone and terephthaloyl chlor 
ide by the same method as adopted in Example 1 for 
formation of the comparative polymer. With use of the 
so formed polyamide, a membrane was prepared in the 
same manner as described above. 
The so prepared two membranes were subjected to 

the reverse osmosis test at 25°C. under a pressure of 80 
Kg/cm by employing a 1.0% saline solution. Results 
are shown in Table 6. 

: Table 6. 
Substrate Polymer 

Copolymaide- Polyamide. 
benzimidazole (comparison) 

Water content (%) 61 53 
Membrane thickness (u) 53 50 
Water flux (1/m/hr) 32.8 7.6 
Water permeability Wp 455 244 
Salt rejection (%) 96.0 66.5 

EXAMPLE 24 
In accordance with the polymerization method and 

heating cyclodehydration method described in Exam 
ple 1, a copolyamide-benzimidazole having an inherent 
viscosity of 0.65 was prepared from 2.03 g (0.007 
mole) of 1,5-diamino-2,4-dianilinobenzene, 0.324 g 
(0.003 mole) of metaphenylenediamine and 2.03 g 
(0.01 mole) os isophthaloyl chloride. This polymer had 
a hydrophilic parameter Hp of 0.62 
Then, 2.0 g of this polymer was homogeneously dis 

solved into a solution comprising 20 g of N-methylpyr 
rolidone and 0.60 g of lithium chloride, and the result 
ing solution was cast on a glass plate in a casting thick 
ness of about 200 pa and was kept in a thermostat drier 
maintained at 110°C. until the ratio of the remaining 

45 

50 

55 

60 

65 

solvent was reduced to about 60%. Then, the casting 
was dipped in a great quantity of ion-exchange water 
for one day. 
The resulting membrane had a thickness of 45 p., and 

a water content of 56%. 
With use of the same reverse osmosis apparatus as 

employed in Example 1, the reverse osmosis test of the 
so formed membrane was carried out under the same 
conditions as adopted in Example 21. The water flux 
was 20.8 l/m/hr, the water permeability Wp was 290, 
and the salt rejection was 88%. 

EXAMPLES 25 to 35 
Polymers having the structural units shown in Table 7 

were prepared according to polymerization methods . 
described below, and membranes were prepared under 
conditions as shown in Table 8. Results of the perme 
ation test of the membranes are shown in Table 9. 

POLYMER-PREPARING METHODS 
I. 70 mole % of 2,4-diaminodiphenylamine and 30% 

of m-aminobenzoic acid hydrazide were reacted with 
terephthaloyl chloride in N-methylpyrrolidone. The 
resulting polymer was precipitated in water and main 
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tained at 300°C. for 3 hours under reduced pressure, 
thereby to obtain an intended polymer. The structure 
of the polymer was determined basedon the infrared 
absorption spectrum analysis. Namely, an absorption 
characteristic of the oxadiazole ring was observed at 
1080 cm and absorptions characteristic of the N-sub 
stituted imidazole ring were observed at 1320 cm and 
1380 cm. 

II. A polymer was prepared by reacting 70 mole % of 
2,4-diaminodiphenylamine and 30 mole % of isophthal 
oyl dihydrazide with terephthaloyl chloride in the same 
manner as in (I) above. 

III. A copolyamideimine was prepared from 75 mole 
% of terephthaloyl chloride, 25 mole % of fumaryl 
chloride and 2,4-diaminodiphenylamine by the interfa 
cial polymerization method using a methylethylketone 
water system, and the resulting polyamideimine was 
dissolved in N-methylpyrrollidone containing a small 
amount of hydrochloric acid, following which the solu 
tion was stirred at 120°C. for 2 hours to obtain an in 
tended polymer. The structure of the polymer was 
determined by the infrared absorption spectrum analy 
SS. 

IV. 80 mole % of 2,4-diaminodiphenylamine and 20 
mole % of 2,4-diamino-4'-carboxydiphenylamine 
hydrochloride were polymerized with terephthaloyl 
chloride in N-methylpyrrolidone. Calcium hydroxide 
was thrown into the resulting polymer solution in an 
amount sufficient to neutralize 95% of hydrochloric 
acid present in the solution. Then, the solution was 
stirred at 120°C. for 2 hours to obtain an intended 
polymer. 
V. 20 mole % of 4-chloroformyl-N-(3-chloroformyl) 

phthalimide of the following formula 

COC 

80 mol% of terephthaloyl chloride and 100 mol % of 
2,4-diaminodiphenylamine were polymerized and cy 
clodehydrated in the same manner as set forth in Exam 
ple 1 to form a polymer. 

VI. A polymer was prepared from 4-(2,4- 
diaminoanilino)diphenyl ether and terephthaloyl chlor 

Structural Units and inherent 
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36 
ide in accordance with the method described in Exam 
ple 1. 

VII. A polymer was prepared by reacting 70 mole % 
of 1,3-diamino-2,4-dianilinobenzene and 30 mole % of 
3,3'-diaminodiphenylsulfone with terephthaloyl chlor 
ide in accordance with the method described in Exam 
ple 1. 

VIII. The polymerization and cyclodehydration were 
carried out in the same manner as described in (IV) 
above the employing 75 mole % of 1,3-diamino-3,4- 
dianilinobenzene, 25 mole % of m-aminobenzoic acid 
hydrazine and terephthaloyl chloride. By the infrared 
absorption spectrum analysis it was confirmed that 
under the cyclodehydration conditions adopted, the 
formation of the N-phenylbenzimidazole ring was 
caused to occur preferentially and the conversion of 
the hydrazide to the oxadiazole ring was hardly caused 
tO OCCur. 

IX. In accordance with the method disclosed in Jour 
nal of Polymer Science, 50, 511 (1961), the melt con 
densation was carried out by employing 70 mole % of 
3-amino-4-(N-phenyl)-aminobenzoic acid phenyl ester 
and 30 mole % of m-amino-benzoic acid phenyl ester. 
X. In accordance with the method disclosed in Exam 

ples of U.S. Pat. No. 3,389,122, polyamideimine hydra 
zide was prepared by reacting 3-amino-4-(N-4- 
biphenyl)-amino-benzoyl hydrazide with terephthaloyl 
chloride in N-methylpyrrolidone. Calcium hydroxide 
was added to the resulting polymer solution in an 
amount sufficient to neutralize 95% of hydrochloric 
acid present in the solution. Then, the solution was 
maintained at 120°C. for 2 hours to obtain an intended 
polymer. XI. An intended polymer was prepared by polymeriz 
ing 1,3-phenylene-2,2'-bis-(5-carboxy-(N-phenyl)- 
benzimidazole) of the following formula 

N N 

to OC Yc-ac1 Oro N1 OK 

with 4,4'-diphenylmethane diisocyanate at 160 - 
180°C. in N-methylpyrrollidone. 

Table 7 

Visconsities of Polymer 
Structural Unit 

(70%) 

inh 

95 

(30%) 



( . ) 

) ( 

V) 

(v) 

(V) 

37 38 
o O OCHN N / N - .. 3 { OC-() (56; () YN - N r . N are N 

3,951,920 

(30%) 

O74 

1.32 



. . , 3,951,920 
39 - 40 

TABLE 7-Continued 
aN2 N \ . 's W 

(V11) CN D >Q) (raio 6"re- 0.63 N .N1 7. / -- 2 i 

(70%) (30%) 

?/ 2 NS ' 
(W II ) C C. oratorso () O. 7 NN N1 M. N. 

(75%) (25%) 

N 
N 

(IX) 3) . NHCO O. 53 
N 

(70%) (30%) 

N N CONH N 1 O.58 

(X) roc C 2 DO N)- o,-() 

Table 8 
Membrane-Forming Conditions 

Polymer Solvent Additive Casting Drying 
Example No. kind Hp amount kind amount kind amount' thickness(pl.) C./min. 

25 (I) 0.65 0 NMP 87 LiCl 3 320 13015 
26 (II) 0.66 10 NMP 87 LiCl 3 320 130/15 
27 (III) 0.66 O NMP 87 LiCl 3 350 125/17 
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Table 8-continued 
Membrane-Forming Conditions 

Polymer Solvent Additive Casting Drying 
Example No. kind Hp amount' kind amount kind amount thickness(u) Cimin. 

28 (IV) 0.69 15 NMP 79 CaCl, 6 220 128116 
29 (V) O.65 O NMP 87 LiCl 3 320 130/5 
30 (VI) 0.55 O NMP 87 iC 3 320 130715 
31 (VII) 0.59 18 NMP 75 LiC 7 250 25/14 
32 (VIII) 0.64 15 NMP 80 CaCl, 5 300 130/15 
33 (IX) 0.62 8 NMP 90 LiC 2 400 130,16 
34 (X) 0.64 10 NMP 86 CaCl, 4 320 30, 15 
35 (XI) 0.55 21 NMP 73 LiCl 6 250 130/15 

Notes: 
parts by weight. 
Casting was conducted at room temperature on a glass plate with use of a doctor knife. 
*NMR = N-methylpyrrollidone. * - 

Table 8 
Properties of Membranes ir ' . . . . . . . 

Water Membrane Feed solution ... . . . . . ... Water, Salt 
content" thickness concentration** Pressure water flix permeability rejection 

Example No. (%) (pt) (%) (kg/cm) (1/m/hr) :: Wp , , (%) 
25 69.6 73 1.0 80 38.2 530 95.7 
26 55.7 64 1.0 80 25.2 350 89.6 
27 62.3 66 O - 80 42.5 590 93.8 
28. 57.4 53 1.0 80 28.8 400 71.4 
29 58.0 62 10 80 20.3 282 97.9 : 
30 60.3 65 1.0 80 13.5 187 99.1 
31 65.9 74 3.5 00 24.3 325 98.8 
32. 710 85 1.0 , 80 41.2 570, 94.5 
33 510 48. 0.5 80 17.8 235 98.6 
34 61.5 62 - 10 80 2.3 296 92.4 
-35 50.3 71 O 80 13.2 183 99.5 

Notes: 
weight of water contained in membrane 

weight of wet membrane -x 100 
"an aqueous solution of NaCl was used as the feed solution. 
water content = 

What we claim is: : . . . . . 
1. A permselective polymeric membrane comprising 

a substrate polymer consisting essentially of a linear 
polymer containing as the main structural units N-aryl 
substituted-benzimidazole units wherein said linear 
polymer; 

1. is composed of the recurring units expressed by the 
following general formula (1) : 

40 

() 

wherein * 
group expressed by following 

45 

A is a divalent atomic 
general formula (2) 

50 

(2) 
N. 

Y Air SC 
( ) (n) 'NN1 . . . . . . . . . . . 

S. 

Ar. 

55 

'in which m and (n) are zero or 1, the two nitrogen 
atoms are bonded to two adjacent nuclear carbon 
atoms of the radical Art, and Ar, is a monovalent aro 
matic group having up to 15 carbon atoms, and in 
which (i) when (n) is zero, Ari stands for a trivalent 60 
aromatic radical having up to 15 carbon atoms, Y is at 
least one member selected from the group consisting of 
-CONH-, -CONHNHCO-, -NHCONH- and , 

65 
-NHNHNH-. 

O 

35 and when Y is-CONH- or 

Ar may be bonded to either of the nitrogen and carbon 
atoms of Y; (ii) when (n) is 1, indicates a single 
bond, Ari is a tetravalent aromatic radical having up to 
15 carbon atoms, and Y is an atomic group expressed 
by following formula (3) 

ann 
nN.1 

Ara 

(3) 

the two nitrogen atoms are bonded to the two adjacent 
nuclear carbon atoms of the aromatic radical Art, and 
Ara stands for a monovalent aromatic group having up. 
to 15 carbon atoms; and (iii) the divalent atomic group 
expressed by above formula (2) is bonded in the poly 
mer in either of the left and right directions; 
b. B stand for a single bond or a divalent organic 

radical in which the average number of atoms in 
the polymer exclusive of hydrogen atoms is not 
greater than 80 and carbon atoms are located at 
both the terminal ends, and when B is a single 
bond, the recurring unit A consists of the atomic 
group expressed by above formula (2); 

2. has the parameter. (Hip) of hydrophilic property, 
expressed by the following formula, of at least 0.4 
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-continued 
Nil + 10N 

total number of atoms exclusive 
of hydrogen atoms in the polymer 

Hp = (4) 

wherein 
N is the number of hydrogen-bonding units contrib 
uted by polar groups in the entire polymer and is 
expressed by the product of the number (N) of 10 
hydrogen-bonding groups in the entire polymer 
and their hydrogen-bonding strength (Gy); and N. 
is the number of ionic groups in the entire polymer, 
with the proviso that the number of ionic groups 
does not exceed 1 per 500 of the molecular weight is 
of the polymer; 

3. has a solubility of 25°C. in a solvent composed of 
at least one member selected from the group con 
sisting of N,N-dimethylacetamide, N-methylpyr 
rolidone, dimethylsulfoxide and hexamethylphos 
phoramide (which solvent may contain up to 5% by 
weight of lithium chloride), of at least 7% by 
weight; and 

4. has a molecular weight sufficient to form a film; 
and wherein said permselective membrane has; 

1. a thickness of 2-400 microns; 
2. a water permeability Wp of 5 to 1300 1/m/hour 
atm 

wherein Wp is calculated by the following formula: 

20 

25 

30 
amount of permeated water (liters) 

Wp x 103 

membrane area (m) X time (hr) X pressure (atm) 

3. and a salt rejection of at least 40% wherein said 35 
salt rejection is calculated by the following for 
mula: 

% ( salt concentration in permeated water ) 00 
(%) = 1 - salt concentration in feed water X 1 40 

2. A permselective polymeric membrane as set forth 
in claim 1, wherein the linear polymer contains as units 
A at least one radical expressed by the following formu 
lae 

45 

N N 
c 2'NA1 "Sc (2-1) 

Ara Ar 

N 1'N, -Air 'N2 (2-2) 

Ara 55 

N -CoHN-Ar"1"Sc NN1 (2-3) 

Ar 60. 

and 

N 65 1'YS -NHOC-Ar",33c- (2-4) 

Air 

44 
wherein Ar' and Ar' stand for a group expressed by 
the following formula 

(5-a) 
(R)e 

(R). (5-b) 

C. 
or (R)2 

K-cy so 
(R) & 

in which R stands for a hydrogen or halogen atom or a 
lower alkyl or lower alkoxy group having 1 to 3 carbon 
atoms, l is 1 or 2, and Z designates a single bond or an 
alkylene group of up to 4 carbon atoms, -O-, -S-, 
-SO,- or -CO- and when Z is a single bond, the 
formula (5-c) expresses a tri- or tetra-valent biphenyl 
group, and ". . . ' on the aromatic group designates a 
single bond in the case of Ar' and a hydrogen atom or 
a substituent R in the case of Ar'. 
3. A permselective polymeric membrane as set forth 

in claim.1 wherein said linear substrate polymer com 
prises as the units B (1) at least one divalent organic 
group selected from (i) aromatic hydrocarbon residues 
composed of a benzene or naphthalene nucleus, (ii) 
aliphatic hydrocarbon residues composed of a cyclo 
hexane, cyclopentane or cyclobutane nucleus, (iii) 
straight or branched, saturated or unsaturated hydro 
carbon residues having 1 to 6 carbon atoms and (iv) 5 
or 6-membered heterocyclic residues containing oxy 
gen, nitrogen or sulfur, which may be fused with a 
benzene nucleus, carbon atoms being located at both 
the terminal ends in said divalent organic groups; or (2) 
(a) at least one kind of di-, tri- or tetra-valent organic 
groups in which carbon atoms are located at both the 
terminal ends and which are selected from (i) to (iv) 
above and (b) said organic groups are bonded with at 
last one bonding group selected from -O-, -S-, 
-SO-, -CO-, 

-N- 

(in which R is a hydrogen atom an alkyl group of 1 to 
3 carbon atoms or a phenyl group), -COHN--CONHN 
HOC-, 

-NHCHN-, 

-CONHNHCOHN- and 
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said atomic groups (1) and (2) may be substituted by a 
lower alkyl group of 1 to 4 carbon atoms, a lower alk 
oxy group of 1 to 4 carbon atoms, a halogen atom, a 
nitro group, a sulfonic or carboxyl group, a salt of said 
acid residue, a lower alkoxy, carbonyl group, a primary, 
secondary or tertiary amino group, an ammonium salt 
thereof, or a quaternary ammonium base; and in the 
units B contained in the entire polymer, the average 
number of atoms exclusive of hydrogen atoms, is not 10 
greater than 80. 
4. A permeselective polymeric membrane asset forth 

in claim 1, wherein the units A are at least one divalent 
group expressed by the following formula (6) 

15 

4. N- (6) 
NN N/ 

- - 20 
Ar 3 Air 2 

wherein Ar" and Ar", which may be the same or dif 
ferent, represent a monovalent aromatic group of up to 
15 carbon atoms expressed by the formula 25 

f 30 
(6-1) 

35 
N 

920 

(7) 

91. 
(R)P 

wherein q represents an average content of the units 

--6- 
contained in the polymer and is a value of 0.2 to 3 
moles per mole of the recurring units A, R, and pare as 
defined above with respect to the formula (6-1), and W 
is -COHN- (which may be located in the reverse 
direction), -O-, -SO-, 

-CO-N 
N - 

-CO1 

(in this case, the a or B ring is trivalent), -CONHN 
HOC-, an alkylene group of 1 to 4 carbon atoms or 

/ 

in which X designates -o-, -S- -NH-, or 

40 

(6–2) 

45 

or 

55 

in which R and Ra, which may be the same or different, 
represent a hydrogen atom, an alkyl group of 1 to 3 
carbon atoms, a halogen atom, a nitro group, a sulfonic 
or carboxylic group or a salt thereof, p is 1 or 2, and Z 
designates a single bond or an alkylene group of up to 
4 carbon atoms, -O-, -S-, -SO,- or -CO- and 
when Z is a single bond, the formula (6-3) expresses a 
tri- or tetra-valent biphenyl group, and ". . . " on the 
aromatic group designates a single bond in the case of 
Ar' and a hydrogen atom or a substituent R in the 
case of Ar', and the units B are at least one divalent 
organic group expressed by the following formula (7) 

60 

65 

(6. 
5. A permselective polymeric membrane as set forth 

in claim 1, wherein the units A are at least one divalent 
atomic group expressed by the following formula 

-COHN CC / 
Air 2 

(8-1) 

O 

N 
Cs- . 
/ 

Ar" 

-NHOC - 
(8-2) 

wherein Ar", represents a monovalent aromatic group 
of up to 15 carbon atoms expressed by the formula 
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(6-1) 

(R,)p 

(6–2) 

(R)p 

or 

(6-3) 
Z. 

(R)p (R)p 

in which R, and Ra, which may be the same or different, 
represent a hydrogen atom, an alkyl group of 1 to 3 
carbon atoms, a halogen atom, a nitro group, a sulfonic 
or carboxylic group or a salt thereof, p is 1 or 2, and Z 
is as defined with respect to the above formula (5-c), 
designates a single bond or an alkylene group of up to 
4 carbon atoms, -O-, -S-, -SO2, or -CO- and 
when Z is a single bond, the formula (6-3) expresses a 
tri- or tetra-valent biphenyl group, and ". . . ' on the 
aromatic group designates a single bond in the case of 
Ar' and a hydrogen atom or a substituent R in the 
case of Ar', and the units B are at least one atomic 
group expressed by the following formula (9) 

wherein q designates the average content of the units 

- -3- 
and is a value of 0 to 3 moles per mole of the recurring 
units A, and R is as defined above, p is 1 or 2, and W 
is -CONH- (which may be located in the reverse 
direction, -O-, -SO-, 

-CO 
N 

-CO1 

(in this case, the or or 6 ring is trivalent), -CONHN 
HOC-, an alkylene group of 1 to 4 carbon atoms or 

3,951,920 
48 

. . N N 

N/ X 
5 . . . . . 

in which X designates-O-, -S-, -NH-, or 
N 

10 
N / 
X 

5 
-N- 

2O (R)p 

25 6. A permselective polymeric membrane as set forth 
in claim 1, wherein the units A are at least one atomic 
group expressed by the following formula (10) 

30 N 

to C (10) YN 
35 

Air 2 

wherein Ar", represents a monovalent aromatic group 
40 of up to 15 carbon atoms expressed by the formula 

45 

(6-1) 

(R)p 
50 2 

55 (6-2) 

(R)p 

or 

65 
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in which R and Ra, which may be the same or different, 
represent a hydrogen atom, an alkyl group of 1 to 3 
carbon atoms, a halogen atom, a nitro group a sulfonic 
or carboxylic group or a salt thereof, p is 1 or 2, and Z 
is as defined with respect to the above formula (5-c) 
designates a single bond or an alkylene group of up to 
4 carbon atoms, -O-, -S-, -SO- or -CO- and 
when Z is a single bond, the formula (6-3) expresses a 
tri- or tetra-valent biphenyl group, and ". . . 
aromatic group designates a single - in the case of Ar" 
and a hydrogen atom or a substituent R in the case of 
Ar', and the units B are at least one atomatic group 
expressed by the following formula (11) 

92 

wherein q designates the average content of the units 
) p. 

--3- 
and is a value of 0 to 3 moles per mole of the recurring 
units A, and R is as defined above, p is 1 or 2, and W 
is -CONH- (which may be located in the reverse 
irection, -O-, -SO-, 

-CON 
N 

-CO1 

(in this case, the or or 6 ring is trivalent), -CONHN 
HOC-, and alkylene group of 1 to 4 carbon atoms or 

in which X designates -O-, -S-, -NH-, or 

-N- 

(R, p 
7. A process for the preparation of permselective 

polymeric membranes which comprises partially solidi 
fying a solution comprising (a) a linear polymer having 
an N-aryl-substituted-benzimidazole structure com 
posed of units A and B as set forth in claim 1 and (b) 
an aprotic polar organic solvent capable of dissolving 
said linear polymer therein, together with (c) a low 

'' on the 10 

15 

20 

25 

30 

35 

40 
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molecular compound having a molecular weight not 
exceeding 500 and being soluble in both said organic 
solvent (b) and a non-solvent (d) for said linear poly 
mer (a) to such an extent that the resulting partially 
solidified membrane has a self-sustaining property, 
dipping the partially solidified membrane into said 
non-solvent (d) for said linear polymer (a), which has 

65 

50 
compatibility with said organic solvent (b), and thereby 
extracting at least 75% by weight of said organic sol 
vent (b) and low molecule compound (c) left in said 
partially solidified membrane. 
8. The process of claim 7, wherein the solution com 

prising the three components (a), (b) and (c) contains 
the low molecule compound (c) in an amount of less 
than 50% by weight based on the linear polymer (a) in 
the state dissolved in a solution comprising 7 to 50% by 
weight of the linear polymer (a) and 50 to 93% by 
weight of the organic solvent (b). 

9. The process of claim 7, wherein the partially solidi 
fied membrane having self-sustaining property, pre 
pared from the solution comprising said components 
(a) and (b) together with said low molecule compound 
(c), is dipped in said non-solvent (d) at a temperature 
ranging from -20°C. to 50°C. thereby to extract at least 
80% by weight each of said organic solvent (b) and said 
low molecule compound (c). 

10. The permselective polymeric membrane of claim 
1, wherein 

a. Art is 

CO 
m = 1, n = 0; Y = -CONH-; and Ar is 

and 
b. B is 

() 

11. A process for the preparation of permselective 
polymeric membranes which comprises partially solidi 
fying a solution comprising (a) a linear polymer having 
an N-aryl-substituted-benzimidazole structure com 
posed of units A and B as set forth in claim 1 and (b) 
an aprotic polar organic solvent capable of dissolving 
said linear polymer therein to such an extent that the 
resulting partially solidified membrane has a self-sus 
taining property, dipping the partially solidified mem 
brane into a non-solvent (d) for said linear polymer 
(a), which has compatibility with said organic solvent 
(b), and thereby extracting at least 75% by weight of 
said organic solvent (b). 

12. The process of claim 11, wherein the partially 
solidified membrane having self-sustaining property, 
prepared from the solution comprising said compo 
nents (a) and (b) is dipped in said non-solvent (d) at a 
temperature ranging from -20°C. to 50°C. thereby to 
extract at least 80% by weight of said organic solvent 
(b). w 

13. In a method for the selective separation of unde 
sirable impurities from a liquid medium by reverse 
osmosis with a permselective membrane, the improve 
ment comprising employing the permsclective mem 
brane set forth in claim 1. 

14. The method of claim 13 wherein said undesirable 
impurity is NaCl and said liquid medium is water. 

sk sk sk xk 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 3,951,920 
DATED : April 20, 1976 Page 2 of 2. 
INVENTOR(S) : Masao Senoo, et all 

it is Certified that error appears in the above-identified patent and that said Letters Patent 
are hereby corrected as shown below: . . . . . 

Claim 5, column 48, line 10, delete the formula in its entirety. 
claim 6, column 49, line 3, after "group" insert - - , , -- 
Claim 6, column 49, line 12, delete "atomatic", insert -- atomic R Co 

signed and sealed this 
Twenty-fourth Day of August 1976 

(SEAL) - . 

Attest. 

RUTH C. MASON C. MARSHALL DANN 
Attesting Officer Commissioner of Patents and Trademarks 
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